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In 1911]. we originated and 
put on the market the first 
Socket Head Cap Screw. 









Socket Head Cap Screw with 
a Knurled Head ever made. 
It will be known as the 
Knurled *Unbrako" of which 
we make a complete line. 








Again, we are the pioneers 
because now we are introduc- 
ing the first and only 







NEW 


ITs HEAD Is 
KNURLED 
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ITs HEAD Is 
KNURLED 
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OLD SMOOTH-HEAD 


La 


UL. N. and Foreign 


THE KNURLED 


Pats. Pending 


"UNBRAKO' 





Fingers become geared to the knurled 
head so they can’t slip, which makes E. 8. 
the knurled “Unbrako” a real time 
and labor saver. 


Fingers slip and slide. Hard and slow 


and Foreign Pats. Pending to drive. 


THE KNURLED ‘‘UNBRAKO"’ 





Every mechanic, when driving screws, will in- 
variably use his fingers as much as possible. 
because they are much handier than any wrench 
and save time. 


With the Knurled *Unbrako" he can drive 
much faster than before as his fingers actually 
become geared to the Knurled Head so they 
can’t slip and, therefore, get a much better 
purchase regardless of how greasy the head 
might be. Smooth-Head Serews, on the other 
hand, are hard to get hold of and, therefore. 
much slower to drive. 


In many intricate dies it might save a great deal 
of time and labor that the Knurled “Unbrako”™ 
can be easily and quickly pinched home and 
backed off with a pair of pliers; with smooth- 


head screws this would, at best. be next to 
impossible to do. 
We have shown the Knurled “Unbrako” to 


some of the foremost Die and Tool makers in 
the country and they are all very strong for it. 


The Knurled “Unbrako” is of exactly the same 
Fhe K led “Unbrak y 
high quality as the smooth-head “Unbrako.” 


The Knurled ‘‘Unbrako’’ Costs NO More Than Smooth-Heads and Looks Much Neater. 
Order by Name—Specify the Knurled ‘‘Unbrako’’—Free Samples 
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Cover Colors 


PRODUCT ENGINEERING 


NEW 


YORK 


Why did you have to go and spoil a good 
looking magazine by putting that 
canary-bird vellow cover on the July num- 
ber of Product Engineering? 

I like the standard blue-green that you 
have been using. It is easy on the eyes, and 
restful, whereas this yellow gets me kind of 
stirred up 


sick 


ARTHUR HICKS 


HIS complaint reminds us of the 


remarks of one of our advertising 
salesmen when he first saw the yellow 
cover. He was much less restrained in 


When all the smoke of 


battle cleared away it came out that he 


liked any color for a magazine cover, so 
] 


his objection. 


me as it 
\s a 


made because 


Was green 
matter of the change was 
a number of 
ive complained that it is difficult to dis 
tinguish between different copies when 
lor. Product 
those maga 


fact, 
subscribers 


all have the same 


l:ngineering being one of 


cover ci 


ines that is kept for reference, sometimes 
orderly fashion, other times in a pile 
on the engineer’s desk, it becomes a mat 
ter of some moment to make the various 
sues distinctive in appearance. 
ind, besides, it doesn't do to be too 
restful in thes We all 


need to be stirred up periodically, even 


strenuous days. 


if it takes canarv-bird covers to do it. 


“Keel to Truck” 


PRODUCT ENGINEERING 
YORK 
he write notices in his Mas copy of 
Ei } page 168, a fool 
f chuck wrench with a_half-column 
ticle on same, all which is evidently in 
t ded to apply to the Prentice typi of 
hecking machine such as we have built 
ere for a number of vears 


Ihe writer would be very glad to learn 


to the author of the article and to send 
l rmati is ft 1 later types of 
nachines with air chucking which eliminates 
S À Vreni chuck operation 
uring a little sojourn in the hospital 
write is had time to go through vour 
aper n keel to truck” and appreciates 
e class of arficles that vou are publishing 
R. S. Brown 
\ Vachine Company 
I WAS a pleasure to give Mr. Brown 

+] ve P SE. Dati A 
e addres ty oN Fredericks We 

1 L3 a 

|l ) wrench chucks and other 


Intimate C orrespondence 


gadgetless devices, and we hope it may 
inspire Mr. Fredericks to contribute 
something along that line—or anyone 
else, for that matter. 


Two Subs 


Propuct ENGINEERING 
NEW YORK 


May I at this late date thank you for 
your letter of April 16th and acknowledge 
receipt of the March issue of Product En- 
gineering? 

In my opinion the article referred to was 
very interesting but that was not the 
primary purpose in obtaining the copy of 
the publication. I personally considered it 
important for our company to subscribe to 
a magazine of that type and the result of 
that 


one 


sample copy was two subscriptions, 
for the Newark office and one for the 
Chicago office. 


Ross P. BropcET1 


The H. A. Wilson Company 


NE swallow does not make a sum 

mer, but one article may sell a sub 
scription—two, in fact, as you may see. 
We are pleased that this particular arti 
cle (One-Piece Electrical Contact Units 
of Laminated Metal) led to two subscrip 
tions from Mr. Blodgett's company but 
we flatter ourselves that the rest of the 
was likewise useful, otherwise a 
clipping would have answered the imme 
diate need. 


issue 


Inquiries 
Propuct ENGINEERING 


NEW YORK 


[ am very much pleased with the article 
roduct Engineering entitled How Do 
Make Your Inquiry?” As an applica 
tion engineer following motors and control 
tor machine l 


tool and 


woodworking equip 
ment, I must say that this article is very 
timely. 
F. H. PENNEY 
General Electric Compar 


INCE we happen to be familiar with 
the splendid work done by Mr. Penney 
in applying motors to machine tools and 


with his 
long experience in dealing with design 


woodworking machinery, and 
motors, we 
we particularly grateful for his friendly 
comment on the editorial in Julv Product 
Engineering 


ing engineers who specify 


Here's hoping that more 


f these same specifving engineers will 
take the matter to heart and act accord 
ingly. 








A Boner 


Propuct ENGINEERING 


NEW YORK 

In vour book of Design Work Sheet 
Drives and for 40-40 Teeth you show a rati 
of 1.10. This, if I understand your table, 
is an error. 

I thought you would like to know about 
this or any other errors that may occur i: 
this issue. 

I am enjoying the use of both your |! 
and magazine. 


H. J. CALDWELI 
Rockford 


VIDENTLY we pulled a bone: 
somebody was careless in reading 
proof. We are grateful to Mr. Caldwell 
for his courtesy in pointing out the error 
This is an open invitation, to him and 
to everv other reader, to shoot the correc- 
tions or notices of errors at us as soor 
as thev are discovered. We are not in- 
fallible but we are invincible when 
comes to correcting the mistakes. 


Back in the Fold 
Propuct ENGINEERING 
NEW YORK 

Originally a charter subscriber to your 
splendid magazine I allowed myself to be- 
come a back slider. However, I would like 
to come hack into the fold again, therefore 
this letter. 

I don’t know how much 
if any, I am entitled to, but I would like very 
much to receive reprints or clippings of the 
following articles in back numbers 
Product Engineering: (Here follows a list 
of twenty articles published during 1933 

If by this time I have not taxed your gen- 
erosity too much I would be obliged if 
also could possibly send me reprints of t! 
Design Work Sheets from the begin: 
1933 up to this month. 

This I think will, to some extent 
pensate me for the valuable informat 
lost, by not being able to read your maga 
zine, during my visit to Europe in 193 
and 1933 

Please also reinstate me as a 
beginning with the Jul 


consideratiot 


e 


subs 
for one vear 
this vear. 

E. M4 


Consulting I 


but we found most ot 
Other clippers had exhausted our 
of one or two. The moral of 
“Don’t fall from grace. 
subscription and then vou will ! 

of the important articles and othe: 
rial alwavs at hand when vott need : 


E WAS a job to dig up all t! 


Ings 


Keep u 
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VOLUME FIVE, NUMBER EIGHT 


Modernized Design for Group Drive 
Will Open Wider Markets 


NGINEERS whose job is the designing of 

production machinery will do well to watch 

the work of the Mechanical Power Engi- 
neering Associates. The constituent members of 
this group are among the leading makers of 
power transmission equipment. Alarmed at the 
steady shrinkage of their market they put their 
heads together and decided to retain consulting 
engineers to find out why the market was shrink- 
ing, whether the shrihkage was inevitable, and 
if not what could be done about it. 


After a year or more of field work and analysis 
these engineers reported that industry is bur- 
dened with mechanical and electrical drives that 
are wasteful, unsuited for the tasks to which 
they are being put, and susceptible of considerable 
improvement. They discovered that many drives 

i had evidently been installed without any real engi- 
neering study whatever. They learned that the 
average plant manager in the days of prosperity 
looked upon power costs as relatively unimportant. 
They found enough opportunities for their clients 
to justify a coordinated campaign to educate in- 

e dustry as to the economics of power transmission. 


It is not surprising that many installations were 
discovered wherein a properly designed group 
drive would be more economical than the unit 
drives in use. A single large motor has a higher 
efficiency and higher power factor than a number 
of individual small motors. Unit drive usually 
results in a larger installed horsepower capacity 
than does group drive. The larger initial cost of 
init motors and controls, together with the cost 
t wiring to each machine, means higher interest, 
preciation and insurance charges, and greater 
aintenance and attendance costs. 
But individual motor drives can improve auto- 
tic operation, prevent overloading, give better 
ntrol and simplify the design of the machine. 
ere a single machine is equipped with a num- 





NG 





ber of motors driving each of various elements, 
there is usually no argument for the group drive. 


All of the facts both favorable and unfavorable 
to group drive are frankly set forth by the engi- 
neers of the Mechanical Power Engineering As- 
sociates. They point out that each installation 
must be analyzed carefully and judged on its own 
merits. The number of machines involved, their 
character, production problems involved, power 
cost, demand charges and many other items must 
be considered. 


3ut the mechanical designer of equipment has 
no control over the conditions under which his 
machines are to operate. He cann^t always pre- 
dict which type of drive, unit or group, will be 
the more economical. This question can be settled 
only by the management of the factory that uses 
the machine. The value of a production machine 
is measured by the total cost of operating that 
machine divided by the number of pieces it can 
produce in a unit of time, and that is an economic 
problem. 


This investigation of unit versus group drives 
may result in the creation of an entirely new con- 
ception of belt-driven machines. Such machines 
will be designed with built-in clutches, speed- 
changers and variable speed transmission. Mag- 
netic clutches, solenoid operated controls, motor- 
ized speed changers offer many possibilities. Such 
designs will also require more elaborate lubricat- 
ing devices or lubricating systems to reduce the 
frequency of maintenance visits. Machines de- 
signed for group drive cannot merely be the same 
machine with a belt pulley replacing the motor. 
This would be retrogression. Modern group 
drive machines must be designed to possess all of 
the flexibility, efficiency, compactness and dependa- 
bility that can be procured through the intelli- 
gent application of modern parts and materials 
and ingenious design. 





Designing Fords Exhibit At 


A Century of Progress 


WALTER DORWIN TEAGUE 


Industrial Designer 









How established principles in product 
engineering were applied to the drama- 
tization of automobile manufacturing 
and to the coordination of the contri- 


butions of twenty-two exhibitors 


(Above) Hemisphere containing dioramas portrays 
raw material sources. Arrows connect them 1 
finished car parts. (Left) Signs and photographi 
enlargements at the various exhibits explain them 


HEN Henry Ford decided to exhibit at the 
1934 Century of Progress Exposition in Chi 
cago he set up as a basic theme the evolution 


of the automobile from the raw materials that com 
from the earth. He specified further that the evolution 
must be portrayed in a way to make it both educational 
and dramatic. For the historical sections of the exhibit 
there was his Dearborn museum of vehicles and ma 
chinerv, and for experience with industrial exhibits 
there were his Detroit and New York shows oi last 
winter. 





This Ford exhibit was, in the last analysis, an indus 
trial product that had to be attractive to the ordinary 
run of World's Fair visitors, who would correspond 
with the customers for the product of any industria! de- 
signer engaged in conventional work. Our principal 
task was to make out of these many exhibits oi thi 
Ford Motor Company and its collaborating parts sup 
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LE m p 


A general view of the industrial hall show 
ing operating exhibits and arrange- 


ments of explanatory signs and symbols 


pliers a product that was homogeneous and that met 
Mr. Ford's specifications. 

Starting with the idea that an automobile is made of 
raw materials we set up as the central motif of the 
industrial exhibit a large hemisphere on top of which 
was a sectioned Ford car. Extraction or growth of the 
twelve raw materials involved is shown in twelve dio 
ramas running around the globe. An arrow from 
each diorama leads to the parts of the assembled car 
made from it. 


Islands for Raw Materials 


On the main floor of the industrial hall twelve 

“islands” were established, each of them devoted to one 

of these raw materials. Wherever possible the exhibit 

of the company located on an island shows full-scale 
processing of the material assigned to that island. 

: Intermediate processing operations and operations on 

subassemblies are displayed at spaces along the walls, 

and the whole is drawn together at an assembling ex 

hibit at the far end of the hall. Here also is a huge 


S relic! map showing the location of the various Ford 

t ente ses in the Great Lakes .district, with moving 
shiy | vehicle models to illustrate inter-plant trans- 
port n 

V | rking up this part of the exhibit it was neces- 

d sat :tudy the processes in the plants of each of the 
coll ting exhibitors to discover which of their 

pro or operations appealed most to plant visitors 


and ther it was feasible to transfer that operation 
'0. Fortunately, it was possible to accomplish 








Motor assembly demonstration. ties 


gether the contributing parts displays 


this important objective in the great majority of cases 


The construction details of the various exhibits wer: 
worked out in collaboration with Albert Kahn, the 
architect who designed the building itself, in his Detroit 
offices, where my staff was assigned space for several 
months. The illustrations give some idea of the tvp 
of building. The interior was finished in a cream white 
with cobalt blue and Chinese vermillion for accents 
\ deep gray-blue was chosen for the floor tile color, 
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uio vro ME osi m 


( Above) Exterior of the building showing central rotunda and industrial and 


machine shop wings. (Below) Evolution of the wheeled vehicle shown bj 


authentic originals, set off bya huge photographic mural 
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and jor all of the machines. To insure uniformity the 
Ford paint plant manufactured the paint for the ma 
chines and supplied it to the other exhibitors. Thus, 
when they arrived, all machines were of the same color, 
and no last-minute touching up was necessary. 

To make clear to the observers just what was going 
on at each exhibition space, and what that operation 
contributed to the ultimate objective, a system of ex- 
planatory signs was developed, as illustrated. As a 
further. refinement it may be remarked that the big 
initial letters visible at some of the spaces refer back 
to basic scientific exhibits in the Hall of Science. Ex- 
planatory signs at these exhibits say that commercial 
applications of these scientific principles will be found 
in the. Ford exhibit under the appropriate letter. 


Evolution of the Wheeled Vehicle 


So much for the industrial part of the exhibit. Of 
historical and educational, not to mention inspirational, 
value is the collection of wheeled vehicles in the domed 
central section of the building. From Tut-Ankh- 
Amen’s chariot to the twenty-millionth Ford these 65 
carts, carriages, coaches and cars illustrate man’s prog- 
ress in means of transportation on the highway. 


An appropriate setting for this interesting collection, 


(Left) Three Ford 
cars suspended from 
a stock wheel to 
show its strength. 
It would support 
(Below) 
The mammoth globe 
in the center of the 
rotunda showing 
Ford enterprises 


fourteen. 





li 


il 








ot which Mr. Ford I5 justly proud, Was a ph i toerapl 
mural surrounding the domed hall. Hundreds of 8x10 
negatives were made in the Ford factories by Georgi 
Ebling, Mr. Ford's personal photographer. From these 
we selected the ones that gave the most nearly completi 
picture of the salient features of automobile manu 
facturing. By means of a special enlarging machine 
in the plant of Kaufmann & Fabry, official photog 


l 


raphers of A Century of Progress, these selected &x 
10’s were enlarged—many of them up to 20 ft. hig! 
and mounted on steel frames carrying Masonite board, 
on which first a special canvas and then the photo 
graph itself was mounted. Each completed panel weighs 
400 Ib. They are grouped to form 17 scenes showing 
plant exteriors, the power house, the blast furnaces 
the foundry, the machine shops, assembly, and thi 
finished car rolling otf the line. 

The spectator thus has before his eves the evolution 
of the wheeled vehicle and scenes from the works which 
make the modern automobile a commercial possibility 
The panels have been so constructed that they can be 
taken down and reassembled at Dearborn when the 
Fair is over. 

Off the rotunda, at the left in the views of the exterior 
on the opposite page, is another wing containing a replica 
of Mr. Ford's machine shop where he constructed his 
first motor vehicle forty years ago. Beside it is an early 
machine shop, its tools driven by a line shaft belted to ar 
old horizontal steam engine. Several of the tools ex 
hibited here are over a hundred years old. The contrast 
between them and the modern tools in several of the 
exhibits in the industrial hall, and in the balcony display 
of the Ford trade school, is convincing evidence of tl 
contribution of the industrial designer and the mechani 
cal engineer to modern machine production 


ic 


The Court of Nations 


In the court within the rotunda is a mammoth 
terrestrial globe which rotates slowly, bringing into view, 
as it turns, the many places in the world where Ford en 
terprises exist. Appropriately enough, this court is 
decorated with the flags of the nations, which line the 
walls above the glass shown in the small view at the left. 

One of the minor jobs was the designing of unifornis 
for the thousand attendants and demonstrators em 
ployed in the exhibit. The dominant colors, blue and 
white, were used here and a standard Ford monogram 
was adopted as an insignia for each. 

The job was done in limited time, and under pressure 
On the whole, it turned out about as expected. As | 
look back on it | am impressed with the fact that, de 
spite its magnitude, it was so similar, as a problem, to 
the daily work of the industrial designer and product 
engineer—visualization of the project, mechanical cle 
sign, selection of the right materials, due emphasis o1 


form and color. 
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© Truck Refrigerated 
By Its Fuel 


Reported successful completion 
[ a new development in reíriger 
ited automobile trucks may greatly 
the future design of such 
trucl In this new system of re 
Irigeration liquid. fuel, Petrogas, a 
distillate similar to 
carried in a steel 


hydrocarbon 
Propane, ts 
cvlinder under a presure ol about 
per sq.in. Evaporation of 
he liquid gas as it passes through a 
throttle valve on its wav to the en 
ne evlinder, absorbs heat, thereby 
ducing the refrigeration. 
Referring to the accompanying 
phantom picture of the equipment, 
the liquid fuel is carried in the cyl 
nder A and on its way to the en 
vine it passes through the heat ex 
changer P where it is cooled The 
liquid) then passes through the ex 


valve € and into the evap 


or cooling unit D. Here it 
evaporates mto a saturated gas at a 
pressure of approximately 5 lb. per 
«1n. During evaporation the latent 
heat of vaporization, which amounts 


18O b.t.u. per lb 
fuel, is absorbed from the cool 


to approximately 
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ing unit. The cold dry gas fuel 
then passes through the heat ex 
changer B where it absorbs heat 
from the incoming liquid fuel, as 
mentioned above. The gas then 
passes through the diaphragm regu 
lating valves E and F where, in two 
stages, they reduce the pressure to 
atmospheric. After passing through 
a mixing valve the gas goes into the 
intake manifold of the engine. 
According to engineers of the 
McCord Radiator & Manufacturing 
Company, the exclusive licensee in 
the United States for the manufac 
ture and sale of this system, Petro 
gas for fuel is as economical as 
gasoline, being marketed at approxi 
mately the same price on a perform 
In addition to this, it is 
claimed the fuel has some advan 
tages over high-test gasoline. One 
of these is the elimination of dilu- 
tion of the crank-case lubricating oil 
because the gas iS perfectly dry 
when it enters the engine manifold. 
It is also claimed that the use of a 


ance basis. 


In this truck 
obtained by the evaporation of 
the liquid fuel 


refrigeration 1s 


carried under 


pressure in steel cylinders 





“hot-spot” becomes unnecessa 
This last permits more weight «i 
fuel to be sucked into the cylinder 
as compared to a gasoline-air mi 
ture. Because the fuel has a final 
boiling. point. of 40 deg. F., and 
becomes a dry gas at higher tem 
peratures, motor starting in even 
the coldest 
quire “choking. 
Other obvious advantages of this 
system are that the refrigeration is 
obtained as a by-product, and the 
maintenance cost of the system is in 
herently low, there being only a few 
valves to consider and no other mov 


weather does not 1 


” 


ing parts. 


® Knife Edges 
for Low Friction 


Knife-edge fulerums have long 
been used in balancing devices since 
friction in this type of bearing is 
less than for even pivot bearings 
For the same reason, knife-edge 
bearings have been applied recently 
to the floating lever mechanism o1 : 
vapor trap made by the Armstrong 
Machine Works, thereby providing 





TOR VALVE 
TOR VALVE 


R CARBURETOR 
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also a more compact design and a 
greater leverage. 

~ [n another application, a band saw 
manufactured by the Yates-Ameri- 
can Machine Company, the saw is 
hell under tension by a weighted 
lever supporting the top wheel. This 
lever is mounted on a knife-edge 
fulcrum, the low friction in this bear- 
ing permitting the lever to take up 
elastic stretch in the blade instantly. 
Because of this sensitive lever ac- 
tion, saw blades do not kink when 
the saw enters the work or strikes 


1 


a knot. 


® Opposed Piston 

Diesel Engine 

In the development of their new 
line of light-weight compact diesel 
engines, Fairbanks-Morse engineers 
resorted to the opposed piston type. 





Reduced friction in the operation of 


hall valve mechanism results from the 


use of a knife-edge fulcrum 


vapor trap for refrigerating systems 





this 
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This eliminated cylinder heads by 


confining the combustion space be- 
tween the two pistons. It is claimed 
that this also improves combustion 
and allows better cooling, and the 
necessity for gaskets is eliminated. 
And, because the forces developed in 
the two cylinders oppose and tend 
to counteract each other, engines of 
this type are inherently balanced 
in so far as this factor is concerned. 
This permits higher rotative and 
piston speeds with a consequent re- 
duction in weight per horsepower. 

Other factors that have contrib- 
uted to the low weight of these 
engines, 20 Ib. per hp., is the use of 
aluminum for all parts not subjected 
to stress, such as cover plates. Built- 
in auxiliaries include lubricating oil 
pumps, fuel oil service and transfer 
pumps and circulating water pumps. 
A feature of the control is that regu- 
lation of injection timing, pressure 
and quantity of fuel are centered 
in a single lever. 

Ranging in horsepower from 250 
to 2,400, the engines have been de- 


the 


LH 


Compact diesel en- 
gine weighing only 
20 lb. per hp., built 
by Fairbanks-Morse 
for powering mobile 
equipment 


1934 





signed primarily for all types of mo- 
bile industrial equipment such as 
dredges, draglines and excavators, 
and for all classes of marine work 
including tugs, tow boats, passenger 
vessels, pleasure craft and for loco- 
motive work, particularly for service 
in modern light-weight, high-speed 
streamline trains and rail cars. 


® VW ire-Fabric Belts 
for Vegetable Washer 


In the development of the vege- 
table pre-cooling and spraying ma- 
chine by engineers of the Audubon 
Wire Cloth Corporation, many un- 
usual requirements had to be met. 
These machines are used to thor- 
oughly wash out lice, sand, dirt, 
worms and other foreign matter 
from spinach and similar vegetables. 

As finally developed, the machine 
is a self-contained motor-driven 


unit about 45 ft. long and 4 ft. 6 in. 





Open-mesh wire-fabric conveyor belts carry the 
vegetables under spray jets of this washing machine 


wide. Washing is accomplished by 
conveying the vegetable under a 
series of overhead spray jets. It 
was necessary to provide a form 
of conveyor belt that would permit 
all of the washed out foreign matter 
to pass through it immediately. For 
this reason, the conveyor belts are 
made of flexible metallic fabric of 
suitable mesh and having full flexi- 
bility in the direction of travel of 
the belt and the required amount of 
rigidity in the transverse section. 

Another difficult problem was to 
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vegetable without bruising 
would be 
sented to the force of the spray jets, 
thus insuring complete washing. 
This problem was solved by using 


that all sides pre 


a series of four short conveyors 
such a manner as to 
shown in the 
panying illustration. In dropping 
from conveyor section to the 
next, the vegetable is turned. 
Self-aligning roller bearings with 
piston ring seals are used through 


arranged In 


overlap, as accom 


one 


out. To insure freedom from 
corrosion, the machine frame is 
hot-dipped galvanized after con 


struction. 


® Compact and Flexible 
M otor-Generator Set 


With the widespread use of rail- 
there de 
demand for a compact 
motor-generator set of high capac 
ity and minimum size for charging 
batteries. In the accom- 
panying picture is shown the port 
able battery charger developed by 
the Century Electric Company to 
meet this demand. 

Concerning the motor-generator 
set itself, the motor is 20 hp., 220| 
440 volts, 3 phase, 60 cycles, low 
starting current, normal torque, 
squirrel type. The compound 
wound generator has a capacity of 
300 amp., at 45 volts. Provision is 
made for charging either a 16 cell 


25 


wav air-conditioning, 
vel ped a 


storage 


cage 


lead acid battery or a 


cell nickel 


alkaline battery, by means of a two 


value fixed resistor mounted above 


the motor-generator set. Merely by 
throwing a knife switch on the con- 
trol panel the charging character- 
istics of the either 
tvpe of battery will be obtained. 
To keep the width of the equip- 
ment to a minimum, motor and 
generator control is mounted at each 


generator for 


Cross-section of sand- 
blasting barrel wherein 
the hollow shaft on 
which the barrel rotates 
also serves as the ex- 


haust pipe 


end of the set. At the motor-end 
of the outfit is an across-the-line type 
magnetic starter with overload pro- 
tection and low-voltage release. A 
special operating coil makes it per- 
missible to connect for either 440 
volts or 220 volts, simply by making 
the proper connection to this operat- 
and using the proper 
overload heater coils, leads being 
provided for both voltages. An 
automatic reclosing battery-charging 


ing coil 





17 


Motor-generator outfit designed by Century Electric Company 


for charging the batteries of air conditioners on railroad cars 
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switch protects the generator agai 
reverse current, the generator be 
automatically disconnected from t 
battery if the power to the m 

is cut off and automatically rec 


nected upon restoration of 
power. 
The complete equipment is 


mounted on a steel truck which has 
roller bearing wheels and pneuma 


usting screw admits 
proper meshing of gears 
tires. As additional protection for 


the machine against injury from 
rough handling, rubber mountings 
are used for the motor-generator 
set and to support the control panels. 


® Hollow Shaft Used 
for Exhaust Pipe 


One popular method of procuring 
simplification of designs and lower 
cost is to have a machine element 
serve a number of purposes. A 
simple application of this principle 
is found in the sand blasting bar- 
rels manufactured by the Beard 
Machine Company, a cross-section 
view of which is shown in the ac- 
companying illustration. 

In addition to supporting the 
tumbling barrel, the hollow shaft 
serves as a passage through which 
scale and dirt is withdrawn from 
the barrei. At its lower end, the 
hollow shaft is connected to a hous- 
ing, to which is connected an ex- 
haust pipe. A self-operating traj 
door in the bottom of the housing 
opens automatically when bits of 
metal and other particles too heavy 


for the exhaust screen to handle 
have accumulated to a sufficient 
weight to operate the spring-loaded 
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oor. The opening of the door 
lows the material to slide out into 

container. 

The hollow shaft does not com- 
unicate directly with the compart- 
ment of the barrel wherein the stock 
s being tumbled. Instead, a per- 
forated false-bottom plate forms a 
chamber in the bottom of the bar- 
rel into which the dirt and scale 
work their way, and then into the 
hollow shaft. 


* | aminated Plastics for 
Indexing Cabinets 


The new line of small filing 
cabinets developed by the General 
Electric Company is made of 
molded Textolite. It was designed 
for use in offices, kitchens, labora- 
tories, and other places where im- 
proved appearance, durability and 
absolute cleanliness are important 
factors. They are finished in ebony, 
walnut or mahogany. The cover 
has a bronze-plated piano-type 
hinge. 


® Molded Plastics for 
Fire Alarm Device 


\ molded plastic Bakelite housing 
is used for the Sprink-La-Stat, man- 
ufactured by the Gamewell Com- 
pany. This device is similar to a 
sprinkler head except that instead of 
pouring water on the blaze, it con- 
trols an electric circuit that operates 
a signal. Molded plastic housings 
are used because of the excellent in- 
sulating qualities of the material, its 
corrosion resistance and also for 
Ct nomy. 


* Solenoid V alves 


In the new Kelvinator water 
cooler, one of the features is a 
water-cooled condensing unit to in 
sure a maximum efficiency and 
economy of operation, particularly 
Where high temperatures prevail. 
Ihe counterflow condenser is 
equipped with a solenoid valve 
wh automatically shuts off the 
flow of cooling water when the 
compressor is not in operation, thus 
avoiding waste of water. 
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Barnes square-ram hydraulic drill unit uses anti- 


friction bearings throughout and hardened steel gears 


for power transmission to spindle and pumps 


* Vew Hydraulic 

Drill Unit 

A number of unusual features 
have been incorporated in the new 
hydraulic drill unit developed by the 
W. F. and John Barnes Companv, as 
can be seen from the accompanying il- 
lustration. Perhaps the most strik- 
ing feature is the large square ram 
which is mounted in long bearings 
that are adjustable for wear, this 
being an exclusive feature of the 
unit. 

The hydraulic feed, which pro- 
vides an infinite number of changes 
in feed-rates between predetermined 
limits, is obtained by a high-pressure 
adjustable-volume pump. For rapid 





When the fusible alloy of the 
Sprink-La-Stat melts, the loaded 
spring pushes down the plunger, 
thereby opening the electric con- 
tacts and setting off an alarm 
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traverse, a constant-volume pump 
supplies oil in large quantities. This 
latter pump is direct-connected to 
the driving motor through a flexible 
coupling, and is located in a ven- 
tilated housing in the base of the 
machine. 

Inside the square ram is a spindle 
which is driven by the electric mo- 
tor through pick-off gears, housed 
at the head end of the machine. Ad- 
justable dogs, as can be seen in the 
illustration, operate the control valve 
to provide rapid approach, feed rate, 
controlled dwell, quick return and 
stop. The control lever is used 
merely for manual control of the 
cycle when setting-up the work. 

All bearings for rotating shafts 
are of the anti-friction type. The 
motor bearings can be lubricated 
conveniently through grease-gun fit 
tings placed outside the base of the 
machine and piped to the motor 
bearing. In the base is also a res 
ervoir for the transmission lubricant, 
the oil level in the reservoir being 
indicated bv a glass gage on the out- 
side. l 


© Plywood Auto Bodies 


It is reported that the Hansa- 
Lloyd & Goliath Works in Ger- 
many have recently placed on the 
market a new low-priced automobile 
which would sell for $630 at the 
current rate of exchange. One of 
the striking new features of this 
streamlined automobile is that its 
body is made of plywood. 


289 








lectric Gearing 








Row of 
squirrel-cage motors 

direct connected to runout table 
rolls. Gearing ts eliminated and roll 
speeds are synchronized automatically 


To Avoid Mechanical Complications 


Mechanical transmission between machine units that must 


run at definite relative speeds may be cumbersome and costly. 


“Electric gearing” offers a possible solution of the problem 


ESIGNERS of machines are often faced with 

the problem of providing some driving means 

for a part of the machine or an auxiliary device 
which may be difficult to connect with gears, chains 
or shafting to the main drive shaft. The difficulty 
may be: (1) the out-of-line location of the part; (2) 
the requirement of operation at speeds adjustable with 
respect to the main drive; (3) there may be some rela- 
tions to maintain with other machines, or; (4) the 
initial control may have to come from a remote point. 
One way to do these things advantageously is to use 
electric gearing, making use of generators and motors 
of various types with appropriate controls to satisfy 
the conditions. 

This does not refer to those applications wherein 
additional motors can be applied and connected to 
the same source of power as the main motor—a practice 
common in machine tool design and variously called 
"multimotoring," “fractional motoring,” or by some 
similar name. Rather the more common applications 
amenable to electric gearing are those in which the de- 
signer normally resorts to belting or chains, shafts and 
gears, mechanical means for adjusting speeds, or other 
expedients involving much “moving hardware.” 

The term electric gearing came into use when in ship 
propulsion a generator and motor were substituted for 
the spur gear set between the steam turbine and the 


R. H. ROGERS 
Industrial Engineering Department 
General Electric Company 


ship’s propeller. This system provided for: (1) speed 
reduction according to the relative number of poles on 
the generator and motor; (2) speed adjustment with 
the turbine always operating at its most economical 
speed, and; (3) reverse operation without a reverse 
section on the turbine. 


Speed Control for D.C. Motors 


Conveyors for feeding material to a machine or for 
taking material away from a machine can be driven 
in this manner. Because a.c. adjustable speed motors 
in small units are not practical, a.c. motor-driven ma- 
chines can well make use of a miniature self-contained 
d.c. generator for driving adjustabe speed d.c. motors. 
This makes speed changes by motor field control avail- 
able on one or several motors as required. If greater 
range is required, generator voltage (Ward Leonard) 
speed control can be used, wherein the generator field 
strength is adjusted to give the desired speed. In this 
system one generator is required for each separate speed 
control but a group of motors can be operated at the 
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me speeds. In either case reversible operation is ob- 

nable with but slight change in the control device. 

Where the small drive must change speed with the 

un drive, the d.c. arrangement of speed control will 
give the required speed as closely as an induction motor 
would, while at the same time it will be possible to in- 
crease or decrease the speed with respect to the base 
established by the large drive and the direction of ro- 
tation can be reversed at will. 

By the use of an a.c. generator and motor or motors 
the small drive will follow in synchronism with the 
main drive. This practice makes it possible to use 
simple squirrel cage motors on the drives since the 
speed changes are obtained by corresponding changes 
in frequency. No other speed adjustments are possible 
with this arrangement. 

\ certain machine which is operated at constant 
speed produces finished products at various rates as 
determined by the use of certain attachments. The 
product is taken away by an adjustable speed conveyor. 
There are two ways of driving this conveyor. The 
first or mechanical drive involves two sprockets and 
a chain, miter gears, slip-cone pulleys, belt íriction 
disk and friction wheel, and finally sprockets and chain 
to the tail shaft of the conveyor, since that end is next 
to the machine. Speed control is by a screw device 
that moves the friction wheel across the face of the 
disk. The second method involves two sprockets and 
chain, a d.c. generator, wiring, and a gear motor direct 
connected to the conveyor at the head end, where it 
belongs. The control is by field rheostat at the opera- 
tor's side. 

On another machine a feeder is operated by an a.c. 
motor in addition to the large one driving the machine. 
Detween the small motor and feeder is located a me- 
chanical speed change device having considerable bulk 
and small speed range. A chain or belt-driven generator 
and an adjustable speed d.c. motor would cost less, take 
less room and provide more speed adjustment. 


A steel mill runout table consists of a large number 
of rolls whose surface speed equals that of the main 
rolls of the mill. In many installations a lay shaft and 
miter gears are used in driving these rolls from the 
mill proper. But when designed for electric gearing 
a small a.c. generator is driven by the mill and it gen- 
erates the power that drives a row of a.c. motors—one 
for each roll. Any change in mill speed is instantly 
reflected in roll speed. 


D.C. Generator Driven Off Main Shaft 


Cylinder type paper machines use several large 
screened cylinders that revolve in vats of pulp and de- 
posit successive layers on a “felt” to form a heavy 
heet of paper or "board." The old practice was to 
rotate the cylinders by the drag of the felt which is 
n from another part of the paper machine. The 
resulting pull on the wool felt, amounting to about 
4000 Ib. caused a stretch of 10 ft. in 190 ft. The new 


practice is to drive from the main shaft of the paper 
nachine a small d.c. generator which supplies power to 
a small motor on each cylinder. This practice relieves 
the ‘elt from transmitting power. A small rheostat in 
fac’ motor field makes it possible to adjust the cylinder 


to the felt speed. The felt ceases to act as a 


power transmitter and its life is increased several hun- 
dred per cent. 

Where steel is cut into definite lengths on the fly as 
it comes from the rolls it is necessary to keep the speed 
of the revolving shear driven by a d.c. motor, in syn 
chronism with the speed of the steel, otherwise th. 
pieces would be cut long or short. Rather than resort 
to shafting and gearing between the rolls and the shear, 
the following method is used. An a.c. pilot generator 
is chain driven from the top roll of the pinch rolls that 
are ahead of the shear. This generator output goes to 
the rotatable stator of a small synchronous motor whose 
rotor is mechanically driven from the shear. As long as 
the pinch roll (and steel) and the shear are synchro- 
nized the motor stator stands still but if there 1s any 
drift the stator rotates and shifts a rheostat in the shear 
motor field and the shear is brought back into syn- 
chronism with the steel. The rheostat driving motor 
is called a differential synchronous motor since it works 
only when there is a difference between the speed of 
its rotor and the speed of the generator that feeds it. 
Thus the speeds of the two motors are kept in step. 

There is still another family of useful units known 
as "Selsyns." They are self-synchronizing units, one 
or more of which may be generators called "trans- 


Wiring diagrams for the five principal methods 
used in electric gearing to obtain correct speed 
relations between units 


Mofor pinion 


confrollin 


trerential/ se/syn rotates 


Field rheostat for D.C. generator voltage control 
DAOR he 


t-FV-be/f arive off main shaft * ‘ 
motor 


| Wide range of speed | 
contro/ is obtainable 
by controlling gen. voltage 


e 


Excit Excitation bvs 


Excitation bus 





PRODUCT ENGINEERING * AUGUST 1934 291 





mitters" and others act as motors called "receivers." 
\ third member of the family is the differential “Sel- 
syn" which sets up rotation only when there is a dif- 
ference in the speeds of the transmitters that feed the 
stator and rotor respectively. 

The transmitters may be turned by a hand wheel, by 
a float or pressure device, by mechanical connection 





Selsyn transmitter with hand crank for adjust- 


ing “draw” ona section of a paper machine. The 
receiver is connected by a five conductor cable 


f TY ; th 
tany length 


to some revolving part of a machine or a motor shaft. 
Two examples of their use are found in paper making 
machines 

The various sections of a paper machine are driven 
it precise speeds, each section slightly faster than the 
one before it. The wet sheet of paper will break if the 
relative speeds are not adjusted properly for the con- 
ditions of the hour or if one section should drift out 
of its proper speed, even for a moment. As the dif- 
ferences in speed, called "draw," range from only four 
per cent at the most to as little as one-quarter of one 
per cent, with the sheet 20 ft. wide going through at 
1,200 ft. per min., precision is the paramount consid- 
eration 


Application of Differential Selsyns 


ach sectional drive motor also drives a little Selsyn 
transmitter through a pair of cone pulleys. A master 
transmitter feeds a bus. In the field circuit of each 
motor is a rheostat controlled by a differential Selsyn 
with stator connected to the bus and rotor connected 
to the local transmitter. Now if the motor driving 
any section should speed up or slow down because of 
change in load or change in temperature, the differen- 
tial Selsyn rotor begins to creep and readjusts the 
rheostat to bring the section back into line. As much 
as 700 miles of paper has been run off without a stop 
or break chargeable to faulty motor speed. 

The same units carry examples of hand-operated 
transmitter and receiver systems. The belt on the 
before mentioned cone pulleys is shifted by a receiver 
which is actuated by a transmitter on the front of the 
machine which is about 20 ft. wide. To adjust the 
draw, which he must do frequently, the machine tender 
turns the hand wheel and the belt is shifted exactly as 





though a long shaft and gearing connected him to th 
belt shifter worm. 

This system of hand operated transmitters is applied 
to the operation of remote valves and to related ma 
chines where a direct mechanical connection is no 
convenient. 


Types of Equipment Available 


The practical designer is interested in the unit 
available and in the control and connection that wil 
give him the desired action. For such applications a. 
pilot generators and corresponding motors are avail 
able in many sizes, starting with a small fraction of a 
horsepower. They are preferable where straight speed 
for-speed tranmission is wanted. The motor speed ca: 
be synchronous or it can have the normal slip, say 3 
per cent, from no load to full load of the inductio: 
motor. Reversing is easily attained with such an a« 
system. The generators and motors are obtainable 
in corresponding sizes. They are required when the 
speed of the motor is to be adjusted. Two systems oi 
speed adjustment are available, motor field control up 
to about four-to-one and generator field or adjustable 
voltage control for extreme ranges. Either system can 
be reversed with only slight additions to the control 
equipment. 

The Selsyns are built in sizes ranging from 3 in. in 
diameter to large power units capable of transmitting 
250 hp. 

The principal reason for considering the use of 
electric gearing are: to reduce first cost; to obtain a 
neat design free from mechanical complications; to ri 
duce maintenance costs and lost time chargeable to 
faulty operation; and to get results that cannot be 
obtained by any mechanical construction. 

in important consideration is that electric gearing 
on a machine can go up or down and around corners 





Individual 3 hp. geared-head d.c. motors drive 
each pair of rolls of this hog casing wringer 





as easily as a wire can be bent. The power can be a 
plied where it is best regardless of its physical relat! 
to the source of power. The control can be loca! 
wherever it is most convenient for the operator, 

gardless of the distance from the motor and generat 


l 
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Light-Weight Design With 
Shot- elded Stainless Steel— 


In this concluding article on the design of spot-welded 


stainless steel sheet constructions are given data and 


formulas for the design of typical structural members 


N THE previous article which appeared in July 
Product Engineering, it was shown how proper 
control of spot welding 
makes possible its application to stainless steel. Given 
the name of "shot" welding by the Edward G. Budd 


current " ressure-time 


Manufacturing Company, this process does not affect 
the corrosion-resisting properties of the metal. 

Columns built-up from formed sheets spot welded 
together are likely to fail by local buckling rather than 
as a typical column failure. This can be avoided by 
limiting the ratio of the width of the unsupported flat 
to the sheet thickness. 


\lthough these two articles apply specifically to stain- 







g. 6—In the picture to the 
) ght, the 


nstruction serves as a com- 


corrugated roof 


pression member 


Fig. 7—Typical tension 
member developed from 
w channel sec- 3" 
vith a flat welded 
flange of the 


7 17 
t 3 tit 


; 
tOo each 


less steel constructions, the same theory and design 
principles are applicable to other materials. 

. In the design of columns, the straight-line formula 
is usually used to determine the allowable loads. Ac- 
cording to this formula, if P is the total load in 1b., Æ 
the area in sq.in., L the length of the column in inches 
and X its least radius of gyration : 


P L 
. — 15,000 — 50 
A R 
| equation is for columns wherein the value of 





L/R lies between 15 and 150, and is the equation rec- 
ommended by a joint committee of the American 
Railway Engineering Association and the American 
Society of Civil Engineers. It is the straight-line for- 
mula with a value of 2.5 taken for the factory safety. 
Thus, the figure 15,000 is based upon the yield point of 
the material being 37,500 lb. per sq.in. For stainless 
steel the vield point can be taken as 120,000 Ib. per 
sq.in. This would give, for the straight-line formula, 
the equation : 
De oe thie nt 
A R 
As the result of extensive tests in the laboratory of 
the Edward G. Budd Manufacturing Company it has 
been found that instead of basing the straight-line col- 
umn formula on the yield point of the material, giving 
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the equation as set forth above, it is permissible to use a 
basic allowable stress that is determined by the crinkling 
strength of a very short column tested in compression. 
The average unit stress at the crinkling load as deter- 
mined by such tests is then used in the straight-line 
formula in place of the yield point of the material. 

Tension members, such as the diagonals in trusses, 
can be developed by using a shallow channel section 
and two flats, one welded to each flange of the channel 
as shown in Fig. 7. This is a convenient type of con- 
struction because it permits a simple design of concen- 
tric joint for connecting it to other members. 

In some instances, a tension member might possibly 
be subjected to a reversal of load thereby putting it in 


compression. For such conditions, a section as shown 





~ 


Fig. 8—For both tension and compression, a 


section such as at A can be used. For heavy 
compression loads, a third channel member, as 


at B, is provided 


in Fig. 8 can be used. If the compression loads are 
calculated to be relatively high, a third channel member, 
such as shown at B in Fig. 8, can be added to provide 
the necessary strength and stiffness. 

Innumerable combinations of drawn sections and 
flats are possible for building up composite sections for 
tension or compression members in trusses, posts, col- 
umns, or girder sections. In addition to these, corru- 
gated sheets, with or without flat sheet reinforcing, can 
be used for the compression, tension or shear members 
in box girders. Plate girders can be built of thin sheets 
with suitable stiffeners, although on account of the 
low shear value of thin sheets with reference to buck- 
ling it will usually be found better to use a truss or 
corrugated web. 

Up to the present time the greatest use that has 
been made of stainless steel shot-welded construction 
has been in the design of light-weight railroad cars 
built by the Edward G. Budd Manufacturing Company. 
The design of these cars not only incorporates the 
various types of light-weight structural members, but 
it also demonstrates some of the striking improvements 
obtainable only with this type of construction. 

With reference to the general character of the design 
of these light-weight railroad cars, in order to make 
every possible use of the material as load carrying 
members, a modfied type of monocoque construction 
was adopted. Thus, the roof sheets are load-carrying 








Typical Joint 


Fig. 9—T ypical joint construction, as used 
on the Burlington "Zephyr," of formed stain- 
less steel sheets welded together 


members, carrying the compressive stresses. Similarly 
corrugated “belly sheets” at the bottom of the car carry 
a considerable portion of the tensile stresses in the car 
body, which acts as a beam supported at the trucks. 
The truss construction of the car side framing consti- 
tutes the web between these two chords. 

A striking example of the manner in which trim 
parts can be designed to contribute to the strength of 
the structure is illustrated by the design of the mold 
ings at the roof rail and at the belt rail. In conven- 
tional car design these moldings are not usually 
designed to fully contribute to the strength of the car 
body. In the Budd light-weight cars, the moldings are 
made of the same thickness of sheet as the associated 
structural members. The moldings, inside and outside, 
are shot-welded to the car body, thereby forming a box 
section. These box sections are connected by diagonals, 
giving a truss construction, as in Fig. 9, wherein the 
moldings serve as the upper and lower chords. 


No Shear Load Carried by Sheathing 


The fluted side sheets below the belt rail are hung 
flexibly with clips, as shown in Fig. 10, so that the 
vertical shear cannot get into these sheets. The pur- 
pose of the fluting is to keep the waves or buckles out 
of the sheet. In this construction, the diagonals of the 
truss carry all of the shear load and the sheathing none 
of it, such truss construction being lighter than a plate 
beam. Thin sheets for such plate beams cannot be used 
in shear without showing the strain lines associated 
with tension field beams. 

In order that both the roof section and the floor sec- 
tion can share the load equally, it is necessary that the 
moment inertia of the roof construction shall be equa 
to that of the floor construction. Should one or the 
other of these have an appreciably higher moment of 
inertia and relatively smaller section modulus the 
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'reater stiffness of the one will under certain condi- 
mns cause proportionately higher stresses in that 
ember at similar places where the roof and floor must 

carry the shear loads across the opening. 


Stiffness of Roof and Center Sill 


In the conventional design of car it can sometimes 
be noticed that disproportionately high stresses are car- 
ried in the roof section at door openings as evidenced 
by wrinkling of the side sheets at the upper corners of 
the door opening. This can be more commonly ob- 
served in baggage cars wherein the door openings are 
exceptionally wide. Although this is not a serious mat- 
ter, it illustrates the result when the roof structure at 
the door opening has a moment of inertia appreciably 
greater than that of the center sill at the corresponding 
section. The greater stiffness of the roof structure 
will not permit the center sill to deflect and thereby 
allow it to take its proper portion of the load. And 
with the roof section having a relatively low section 
modulus, the stresses developed in the roof structure 
will cause the sheets to wrinkle. 

In the design of the Budd light-weight car, the widely 
spread center sills at the passenger door openings are 
made extra heavy in order to take care of the shear 
due to torsion and to give the sill sufficient strength to 
resist the vertical shear to which it is subjected. Also, 
the corrugations on the roof sheets are backed up by 
heavy flat sheets in order to provide for not only the 
compression and tension loads, but also a majority of 
the vertical shear. The corrugated roof sheets are 
0.022 1n., and the backing plate 0.040 in. in thickness, 
this construction being equivalent in stiffness to a solid 
sheet some 44 in. thick, which gives an idea of the 
resistance of such a construction to elastic buckling. 

In these cars the floors were designed to also carry 
the lateral loads, which may be 40 per cent of the net 
weight of the car. Thus, the car structure must serve 
as a beam both vertically and horizontally. In the de- 








Cross-Section 
Showing Flexible 
Attachment of Body 
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% — side sheets are hung 
A À lexibly with clips s 
à Wdig flexibly with clips so 





that the sheets will 
not be called upon to 
carry any vertical 
shear 








sign of the floors of these cars the cross members have 
a large moment of inertia. These beams support the 
longitudinal members which are designed with a mo- 
ment of inertia inversely proportional to the distance 
between their supports. The corrugated sheets used in 
the floor have an extremely short span and therefore 
need have only a correspondingly lower moment of in- 
ertia. 

In order to carry the stresses across the door open- 
ings, combined corrugated and flat sheets are used as 
shown in the accompanying sketch, Fig. 11. These 
sheets carry the tension into the central section of the 
floor, which then carries the load across the opening. 
It will be noted that the edges of the sheets conform 
approximately to the profile of the stress lines that 
would be established. 


Stainless Sheets Allow Minimum Thickness 


From the examples given here it can readily be un- 
derstood that the problems of light-weight design can 
be solved only by the intelligent application of engi- 
neering fundamentals. The main advantage of design- 
ing for shot-welded stainless steel construction is the 
freedom which it permits the designer. Welding makes 
possible the simplest and most efficient types of joints 
and connections, while the use of sections built up from 
formed sheets makes possible the most favorable dis- 
tribution of metal. 

Note also that the non-corrosive properties allows 
choice of thicknesses to conform to stresses involved— 
there being no arbitrary minimum thickness such as 
would be dictated if it were necessary to provide for 
corrosion. 

As used by the Budd company in car body construc- 
tion, the tensile strength of the 18-8 stainless steel is 
specified to be not less than 150,000 Ib. per sq.in. The 
steel is purchased in strip form and comes in large coils. 
It is then drawn through series of rolls to form it into 
the required sections. Few sheets exceed 0.050 in. in 


Fig. 11 — Floor con- 
struction at. the step 
wells is reinforced with 
corrugated and flat 
sheets to carry the ten- 
ston into the central 
section of the under- 
frame and thus across 


the door openings 


wall thickness, and some of the material is as thin as 
0.010 in. Square corner sections are favored in pref- 
erence to rounds, for it is always easier to assemble 
squares. Flanged channels predominate, and these are 
later converted to closed sections by welding cover 
strips over the open face. Sections and methods of 
fabrication have been designed for easy assembly by 
welding. In the structure, verticals and diagonals dove- 
tail to avoid eccentric loading. 
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lower for various ratios of disk radius to eccentricity 


S WAS shown in the first part of this article, 

the ratio of the radius r to the eccentricity f 

of the eccentric disk affects the speed and acceler- 

ation curves. For r/f equal to infinity, the eccentric 
disk curves will be the same as the Scotch Yoke. 

In the accompanying Figs. 7 and 8 is shown the 
influence of the ratio of r/f on the acceleration and 
speed as applied to eccentrics. The curves show that 
the shock at the start of the movement of the eccen- 
tric is heavier than the corresponding shocks that 
occur in the Scotch Yoke mechanism because of the 
higher initial acceleration. These curves also show 
that the maximum speed increases with the decrease 
of ratio r/f. For these reasons, the eccentric should 
not be used on high-speed machines where the inertia 
forces set the limit for the maximum speed. 


Cams for Constant Acceleration 


Using the method as demonstrated, it is possible to 
find a cam which will have the lowest acceleration 
and will be free of shocks created by discontinuities 
of the acceleration curve. 

It is evident that for a given velocity to be attained 
in a given space of time, a cam that imparts constant 
acceleration will develop the smallest maximum accel- 


eration, the area of the acceleration diagram being rep 
resented by a rectangle as in Fig. 9. It is evident that 
any deviation from that form will necessitate an in 
crease in the maximum acceleration. 

There will be two sets of equations for the accelera- 
tion, speed and throw of a cam for constant accelera- 
tion. As can be seen from Fig. 9, one set of equations 
will be for x varying from O to 0.5, and the other set 
of equations will be for x varying from 0.5 to 1. The 
equations will be as follows: 


x —0to0.5 x = Q.5 to 1 


360 NN: 360 NN: 
a = 4F -) a = — 4F E ) 4 
o . Q 
360 N 360 N 
eR ee (ia 
a a 
l 
S 2 2Fx: S = 2F[ 2x — x: - 
A 


Although the constant acceleration cam is the best 
in so far as the magnitude of the maximum accelera- 
tion is concerned, it has a serious defect in that t! 


e 


296 PRODUCT ENGINEERING * AUGUST 1934 











re three points of shock because of the abrupt varia- 


ion in the acceleration. These points are at the start, 
n the middle of the movement, and at the end of it. 
The profile of a cam calculated from Equation (26) 
identical with that obtained by using arithmetical 
progression, a method which some handbooks describe 
or laying out a uniformly accelerated motion cam. 


Trapeze Acceleration Cam 


It is quite natural to correct the main defect of the 

mstant acceleration cam by modifying the form of 
the acceleration curve. One possible solution is shown 
n Fig. 10, wherein the acceleration curve is similar 
to a trapeze with inclined sides replaced by the first 
quadrant of a sine curve. To analyze such a cam in 
its general form, it is necessary to consider that in 
Fig. 10, the length OB is not equal to the length BE. 

If the ratio BE/OB is designated by ¢, for ordinary 
conditions $ will equal unity and the maximum accelera- 
tion will equal the maximum deceleration or A = D. 
lf is greater than unity the maximum acceleration will 
be greater than the maximum deceleration and if less 
than unity the maximum acceleration will be less than 
the maximum deceleration. This is evident from Fig. 
10 because the areas under the acceleration curve and 
the deceleration curve must be equal. In those curves 
^ is a fraction of the base of the acceleration period 





~ r= radlius of disk in inches 
f=eccentric radius in inches | 
F=2f 
t Ordlinates of these curves when  - 
multiplied by 2 FN give speed of 
cam follower in in. per sec. 


^ 
- . i ^ 
F= throw of cam in inches A aS 
= speed of camshaft in rev. pesec. +N. | ' i 
i TSN —— Fig. 9—Maximum area under 
^ 


during which the acceleration changes gradually. To 
simplify the equations, the same b is used for the 
deceleration part of the curve. The equations for 
A and D will then be: 


360 NX: 1+ 
{ = ns ( - 27) 


In Table I is shown the comparison of maximum 
acceleration, operating characteristics with reference 
to shock, and the maximum speed attained in the vari- 
ous types of cams described above. It will be observed 
in this tabulation that the maximum speed is the same 
for all of the “Trapeze” cams, but that the maximum 
acceleration encountered in this type of cam varies 


Fig. 8—Speed curves of the 
eccentric -CAm follower f ) 
various ratios of disk radius 


to eccentricity 


the acceleration curve with 
minimum height of ordinates 
is obtained when the area ts a 
rectangle, that is, the accelera- 


tion and deceleration are con- 





Fig. 10—Modification of the constant accelera- 
tion cam to eliminate the abrupt variations in 
acceleration. The sides of the “trapeze” are 
quadrants of the sine curve 
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considerably for various values of b. Therefore, in 
designing shockless cams of the “Trapeze” type, the 
selected value of b will determine the rate of variation 
in the acceleration. 

In exactly the same manner as the slope of the vel- 
ocity curve determines the acceleration curve, the slope 
of the acceleration curve at any point indicates the 
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rate of change of acceleration. Thus for the accelera- 
tion-time curve we have: 


da m? = N\3 1+ 4): 
s an F j " = 
dt 2 a ) b[ 7,2 (m — 2)b j 
360 N (1 + $) 
cos | 2m — — ) 
a 4b 


The maximum value of this tangent will be reached 
when t = O0, or at the point O of the curve in Fig. 
10. Putting t = 0, the maximum value of the tangent 
will be: 


m? {3600 N\3 (1 + 9): 
Tanmaz F eon — (31) 
2 a b| 7/2 - (m — 2)b | 


Assuming that F, N and a are already selected, then 
the maximum value of the slope of this curve will be 
proportional to: 


2 
eo 
ue 


(1 + 4)? 
b[ */2— (v 2)b | 


If the acceleration curve is symmetrical (¢= 1), 
then the tangent will be a function of b and a tabula- 
tion can be made to show the comparative changes in the 
value of the maximum rate of change of acceleration. 
The maximum tangent decreases as the value of 5 in- 
creases, and the tangent decreases slower when b is 
larger than 0.15 to 0.20. 


Speeds 


Referring to Table I, for given conditions the maxi- 
mum speed attained by the follower in a cam mechan- 
ism is the lowest for the Scotch Yoke. 

The speed chart, Fig. 8, shows that the maximum 
speed of all eccentric cams is higher than the maxi- 
mum speed of the Scotch Yoke mechanism, though 
the acceleration at the start of the movement is higher. 
The reason for this lies in the fact that the acceleration 
curves for eccentric cams are not symmetrical. 


Design of the Trapeze Cam 


\s the acceleration curve of the trapeze cam con- 
sists of six separate parts, there must be six equations 
required to fully represent the curve. 

For calculating the maximum inertia forces the 
designer must know the equation for maximum ac- 
celeration as given in Equations (27), (28) and (29) 
and have a set of equations for calculating the throw 
of thecam. In Fig. 11 is shown the acceleration curve of 
this cam and the curve representing the variation 
of the cam radius or the throw of the cam. 


Equations for Cam Throw 


NÅ ( 1? 360x =) 
- t - e 
-T eT 
| T 2 | l c oJ 
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x = 0 and 360x deg. = 0 


1) Curve Oa 


Throw F 
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At the point 0; 


Atthe point ai; x = 0.25 and 360x deg. = 90 deg. 
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cam consists of six separate sections 
Table I—Characteristics of Various 
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A(v — 2) b: —* 
Throw aaia · æ —— — — (33) 


T T 
E — (v — 2) |(1-F 9) 
2 


(2) For curve ab above the line ab, as a line of 
abscissa, the height of the ordinates will be: 


T 
l; — (x — 2)b | (1 + 4) (34) 
? 


At the point ai; 


At the point b:or bi; 
Z=1 2b 
For the ordinates of curve ab to be measured from 
the line OE it is necessary to add to the ordinates 
determined from the Equation (34), the throw aa; as 
determined from Equation (33). For the throw bb, 


we have: 
1— 2b 
bb, = F a ) 
14-6 


(3) For the ordinates of the section of the curve 
bc measured from the line bc, the height of the or- 


dinates will be: 
-— (r— 1) j| x 


j 
risate ) vb + 8b 
T 
sin 360x T 
— R — ) 1+4) | 66 
2r 2 


At the point b»; 
x = 0.25 and 360x deg. = 90 deg. 


(35) 


jaza 


At the point C:; 
x = 0.50 and 360x deg. = 180 deg. 


To the ordinates determined from Equation (36) 
should be added the value of the throw bbs which will 
be equal to the sum of ordinates aa; and bb, as deter- 
mined by Equations (33) and (35). 

Throw cce will be calculated from the equation: 


l 
ce: = F — 37) 
1 + eo 
+) For the height of the ordinates of the curve 
cd above the line cd; we have: 
T n 360*?x 
| $ T Db X 0.5 £ 
9 ^ 
I 38 


T 
$ T 2bl(1--6 
2 


this equation x varies from 0.5 to 0.75. To the 
ordinates as determined from this equation must be 
added the value of cc» as determined by the Equation 


(3, The value of the throw dd; will then be equal to : 
T 2 
2b $ *x—1] b 
2 T 
dd, = F - 39 


T 
-o Ur 2) b (1 + o) 
5 





(5) For the height of point on the curve de meas- 
ured above the line dej, we have: 


F — 40) 


In this equation Z varies from 0 to ($ — 2b). 

To the ordinates as determined from the Equation 
(40) must be added the value of the throw dd» as 
calculated by Equation (37) plus the value of dd; 
as calculated by Equation (39). The value of the 
throw €€1 will be: 


T 
E (2v 2b1|16-r-2í(v 2) b? 
" 
F m s 
T 
| $ T 2) 1+ 6 


(6) For the section of the curve, ef the height of the 
ordinates above the line ef, will be: 


1 + sin 360°x 
8b? (x 0.75 


F - 42) 


T 
| $ -—2)b|(1--o 
, 


In this equation + varies from 0.75 to 1.00. The 
ordinates as determined from this equation should be 
added to the value of the throw ces» which will be equal 
to the sum of the values obtained from Equations ( 37), 
(39) and (41). 

The value of the throw ff, will then be equal to: 


(3 


F 43) 


T 
$ T 2) b 1+ ó 
) 


The sum of the values as obtained from Equations 
39), (41) and (43) will give the value of the throw 
from the line of the abscissa cd; to the point f. This 
will be equal to: 


F ——— (44) 


The Equation (37) will represent the throw from 
the beginning of the movement to the point where the 
acceleration becomes equal to zero, while the Equa- 
tion (44) will represent the second part of the throw, 
for example, during the deceleration period. 

The full throw F of the cam will then be deter- 
mined by: 

l ó 
F=F +f — 
| t ¢ 

Expressed in its general form, the equations for the 
throw appear to be extremely complex, but for any 
individual problem, these equations are greatly simpli- 
fied because @ and b are selected beforehand. This 
allows us to replace the complicated expression by a 
constant coefficient for the variables x and Z. 


14 6 
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Magnesium. Alloy Parts 


Why Used and How Designed 


Not only reduction in dead weight, but also less inertia, lower 


bearing pressures, easier rotating balance and reduced centrifugal 


forces are possible improvements in designs using magnesium alloys 


Rear view 


of 





Menasco supercharged six-cylinder 


engine, showing crankcase and cover, breather caps, 


starter-hole cover, supercharger scroll, carburetor ar 


inlet pipe 


300 


Dowmetal 


and 


intake 


manifolding, 


all 


made 


of 


HE USE of magnesium alloys in portable equip- 

ment, hand tools, automatic machinerv and ro- 

tating parts often results in improvements of 
more importance than mere saving in weight. Some of 
these are increased capacity without added weight, the 
elimination of bearing bushings at light loads, greater 
fatigue resistance and reduction of power required for 
acceleration. But the low strength of the material, its 
high coefficient of expansion, low rate of heat conduc- 
tivity and necessity of providing protection against 
corrosion, require special consideration when design- 
ing with magnesium alloys. Much progress in the use 
of this material has been made in the past few years, 
and in the following paragraphs is recounted the ex- 
periences of a number of engineers in designing parts 
to be made of magnesium alloys. 

)y reducing the dead weight of body parts in the 
Jeffrey coal drill, the use of magnesium alloy castings 
makes the drill light enough for one-man operation, 
where formerly two operators were required. In port- 
able polishing heads and drills, reduction in dead weight 
makes possible the use of larger and more powerful 
electric motors. In vibrating tools, also, reduction in 
dead weight is not the only advantage in using mag- 
nesium alloy castings. By reducing the inertia of the 
body parts, more energy from the hammer is available 
for useful work. In the design of an electromagnetic 
tamper, magnesium castings not only make possible a 
more powerful tool, but the design is more effective, 
delivering more work for the power consumed, accord- 
ing to C. S. Weyandt, vice-president of the Syntron 
Company. In one of these tools, magnesium alloy parts 
weighing less than 5 Ib. replace 21 lb. of steel parts 

In addition to increasing efficiency and capacity and 
reducing weight, magnesium allovs provide greater 
fatigue resistance in parts subjected to vibratory 
stresses. Although the low elastic strength of the mate 
rial requires proportionately low working stresses, the 
high ductility allows the metal to flow under : 


PRODUCT ENGINEERING * AUGUST 1934 








entrated stresses, thus reducing the possibility of high 
stress concentration and a progressive failure. Further 
improvement arises from the greater internal friction in 
damping or absorbing vibration and reducing vibration 
amplitudes at natural frequencies. 

In resisting vibration, magnesium alloys have the 
highest endurance strength per unit weight of all the 
non-ferrous materials. This property also is impor- 
tant in the Syntron tie tamper mentioned above, in 
which a piston weighing 44 lb. with a 4-in. travel is 
driven by a solenoid, striking 750 blows per min. In 
two years of service no magnesium alloy part has 
broken. But, it is essential to design these parts for 
low working stresses, using a hardening heat-treatment 
ceiving less than maximum hardness. 


Avoiding Concentrated Loads 


In most designs, magnesium alloys are best suited 
for parts that are not subjected to high deflection loads, 
according to H. E. Simi, chief engineer of the Twin 
Coach Company. Door frames made of magnesium 
alloy impose lower loads on hinges, and require smaller 
air-power actuating equipment. 

In parts designed for stiffness rather than strength, 
greater resistance to progressive failure is obtained in 
magnesium alloys, even though the elastic modulus is 
but two-thirds that of aluminum alloys. When small 
load deflections are necessary, the lighter specific weight 
of magnesium alloys makes some weight reduction pos- 
sible, even with larger cross sections, while providing 
higher strength and increased resistance to vibrating 
stresses. 

Concentrated pressures or high bearing loads are un- 
desirable, according to P. B. Taylor, chief engineer of 
the Wright Aeronautical Company. In the design of 
the Wright motors cadmium-plated steel washers are 
placed under bolt heads bearing against magnesium, in 
order to distribute the pressure. As pointed out by 
H. T. Scott, chief engineer of the American Paper 
Bottle Company, concentrated loads near edges or near 
holes may deform the metal. Because of its low 
strength, longer threaded holes in magnesium alloy 
parts are necessary, as well as larger fillets at corners 
and more gradual changes in dimension between sec- 
tions of different thicknesses. Careful location and 
distribution of reinforcing ribs is necessary to limit load 
deflection. 

However, with low unit bearing pressures, the prop- 
ertv of local flow under concentrated loads makes mag- 
nesium alloys excellent for bearings, eliminating bush- 
ings, simplifving the design and reducing weight. An- 
other property, easy machining, also is an important 
tactor in obtaining good bearing performance. Because 
a higher finish with closer tolerances can be obtained, 
bearings in magnesium alloy parts “run in” quicker with 
less initial wear, the flow characteristic tending to level 
off irregularities in the bearing surface. 

Because of these excellent bearing qualities, H. G. 
Townsend, engineer of the Menasco Manufacturing 
Company finds that such aircraft engine parts as cam 
shaft and accessory drives can be run directly on the 
Magnesium alloy bearings, eliminating bronze bushings 
and reducing cost. 


‘ompared with other bearing metals, magnesium 





Below is the Dowmetal mounting unit of the 
Sperry “Pilot” for automatic flying, shown 
above. Note the generous fillets and radii and 
the thick bosses for long screw threads 


alloy bearings have low load-carrying capacity, but 
where moderate unit pressures are used as in bearings 
in the Sperry airplane control, accuracy and long life 
can be obtained at low cost—and also with less weight. 

The high coefficient of expansion in magnesium 
alloys necessitates special consideration in the design 
of press fits. If the fit is too tight the magnesium alloy 
bore will permanently deform. Even a moderate in- 
crease in temperature will then enlarge the bore enough 
to free the bearing. To provide a satisfactory mount- 
ing for anti-friction bearings, it is the practice of the 
Jeffrey Manufacturing Company, according to R. K. 
Jeffrey, to use cast-in steel bushing inserts in the mag- 
nesium alloy part. The bore for the press-fit is then 
turned in the steel insert. 


Loss of Strength At High Temperatures 


As working temperatures are increased, magnesium 
alloys lose strength rapidly, reducing allowable working 
stresses. As compared with other light-weight metals, 
magnesium alloys have lower heat conductivity, which 
also is a factor in the selection of working stresses at 
elevated temperatures. Ordinarily, working tempera- 
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tures for stressed parts are limited to approximately 
500 deg. F. ` 

In normal temperature service for non-loaded struc- 
tures such as cover plates, oil pumps and crankcases for 
aircraft motors, magnesium alloys reduce dead weight 
and give increased strength and fatigue resistance as 
well. In the experience of Charles Hollerith of the 
Automotive Fan & Bearing Company, magnesium alloy 
castings materially reduce weight without sacrificing 





By using magnesium alloy in place of cast iron 
and steel for body parts, the weight of the coal 
drill designed by the Jeffrey Manufacturing 
Company was reduced to such an extent that it is 


light enough to be operated by one man 


strength in airplane wheels. And the machinability of 
these alloys reduces final cost of products that require 
a relatively large amount of machining. 

Magnesium alloys for the reciprocating parts in 
printing presses, and for rotating parts in fans and 
blowers, reduce bearing loads and thus make possible 
lighter shafts and smaller motors. For example, mag- 
nesium alloy fans in grain-cleaning machines are so 
light that they can be mounted on the motor shaft 
without outboard bearings, according to J. E. Baker 
of the Great Western Manufacturing Company. Even 
though slightly thicker sections are used, the saving in 
using magnesium alloy parts in Miehle printing presses, 
as explained by S. G. Wheeler, their research engi- 
neer, makes possible increased speeds and greater out- 
put. In fact, reductions in power for accelerating 
light-weight parts may represent even greater savings 
than the mere reduction of weight alone. 


Magnesium Alloys Replace Wood 


In panels, cases and fittings for portable instruments, 
for bus doors, or even for frames in fishing nets, mag- 
nesium alloys are more easily worked, last longer, and 
are not subject to warping. W. G. Green of the Seis- 
mograph Service Corporation uses magnesium ma- 
terial for portable equipment as well as for cases and 
panels. No other material is available that has the com- 
bination of light weight and rigidity found in mag- 
nesium alloys. 


Magnesium alloy net frames, according to L. L. 





Robey of the Robey Tackle Company, are lighter tha 
bent wood frames, at the same time retain their shaj 
better. In machines made by the American Papi 
Bottle Company, magnesium alloy castings are use 
in place of wood because they are easier to machin 
more uniform in size, and are not subject to warping 
swelling or shrinking sometimes experienced with woo: 

In modern portable power driven tools, magnesiu: 
alloys replace dead weight with driving power. L. S 
Meunier, chief engineer of the Chicago Pneumatic 
Fuel Co., states that both pneumatic-driven and 
electric-powered grinders, sanders and polishers ar 
materially reduced in weight through the use of mag 
nesium alloys. 

Some applications of magnesium alloys involve 
problem in protection against corrosion. Under normal 
atmospheric conditions, magnesium alloys become co: 
ered with a tarnish film of oxide with little or no ef- 
fect on physical properties. 


Corrosion Protection 


Under service conditions in which magnesium alloys 
are submerged, even occasionally, it is recommended 
that the surface of the metal be protected by an un- 
broken coat of paint. Because of the difficulty in pro- 
viding a moisture-proof paint film, magnesium alloys 
seldom are successful when in continuous contact with 
water. Also, in intermittent contact with sea water, 
corrosion is difficult to control as the water evaporates, 
leaving salty deposits that absorb moisture from the 
air keeping the surface constantly moist. Where it is 
expected that the parts will be subjected to constant con- 
tact with salt water, the use of magnesium alloys is not 
recommended at this time. But for occasional contact 
with salt water or salt air, paints are available giving 
effective protection. 

For magnesium alloy parts subject only to indoor 
use or occasional outdoor service, a chemical treatment 
of the surface is effective in retarding or preventing 
corrosion. This treatment is inexpensive and easy to 
use, ordinarily being applied in the foundry immedi- 
ately after completing the hardening treatment, accord- 
ing to C. J. Lane, assistant chief engineer of the 
Warner Aircraft Corporation. Where subsequent 
machining removes this corrosion-resistant surface the 
chemical treatment is again applied after completing 
all machining operations. This treated surface also 
provides a base to which paint adheres well. 

For added corrosion resistance, lacquers, oil paints 
and crackle-finish enamels are readily applied. Even 
though unnecessary for corrosion resistance, paint may 
be desirable for appearance, as the unprotected mag- 
nesium alloy darkens to a dull gray while the chemi- 
cally-treated surface has a “brassy” color. With a 
coating of paint, magnesium alloy parts, according to 
the experience of the Seismograph Service Corpora- 
tion, resist certain photographic chemicals even better 
than chromium-plated brass. One coat of aluminum 
paint, in the experience of the Jeffrey Manufacturing 
Company, is sufficient for magnesium alloy parts, even 
under conditions found in coal mines. In aircrait 
engines, the film of oil that soon covers all parts of the 
motor is said to provide additional protection against 


corrosion, particularly when the paint is broken or 
the surface scratched in service. 
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Fundamental Requirements 
for Bearing Lubrication 


Design of all sleeve-type bearings begins with the load-carrying capacity 


of the lubricating film which is determined by the factors explained here 


C. H. LEIS 
Chief Engineer, Johnson Bronze Company 


EARING lubrication is affected by many variables, 

such as clearance, eccentricity, speed, load, the 

viscosity of lubricant, its oiliness, adhesive forces 
between the metal and the oil, the amount of lubricant 
actually fed to the bearing, the nature of the surfaces, 
the temperature, the design of the bearing and the bear- 
ing material. 

Heat develops rapidly when the shaft is in contact 
with the bearing or when lubrication is not supplied. 
The purpose of lubrication is to reduce friction. The 
oil film separates the surfaces sufficiently to prevent 
metallic contact of the high spots that actually do exist 
even on the best machined and ground surfaces, thereby 
creating fluid friction, which in turn will prevent gen- 
eration of heat. The thickness of the oil film between 
the shaft and bearing must of course be sufficient to 
prevent contact between the high spots. 


\n oil film in general is subject to easy rupture, but 
it has a compensating quality to heal itself readily, 
providing the qualities of the lubricant suit operating 
conditions, 

Scientists have spent years in studying the mechan- 
ism of lubrication and have devoted a large part of 
their efforts to oil films. The most valuable contribu- 
tion probably has been the demonstration that the 
wedge shape of the film is essential for the automatic 
generation of pressures within the film and the conse- 
quent load-carrying capacity of such wedge-shaped 
films. It has been concluded that: 


l. Considering oils of different viscosities but not com- 


unded and all from the same type of crude, the unit load 


that can be carried by the oil film is directly proportional 
o the viscosity of the oil. 


l'he load is directly proportional to the journal speed. 
he load that can be carried is inversely proportional 
square of the oil film thickness. 


With complete lubrication, the frictional force resist- 


ing rotation will be directly proportional to the viscosity 
of the lubricant, to the speed of the journal, and inde- 
pendent of the load on the surfaces. Although the fric- 
tional force is independent of the pressure, the coeffi- 
cient of friction will vary inversely to the pressure 
curve. 


Amount of Bearing Eccentricity 


But the ideal conditions assumed in the above princi- 
ples do not prevail in actual operation because a con- 
siderable variation is brought about by the journal taking 
a position which is not co-axial with the bearing. This 
eccentricity varies with the speed of rotation. According 
to Sommerfield : 


" ZN D, 
E ———X-—L— (1) 
I 2 (Di; —D3) 
E Criterion of eccentricity P — Pressure on bearing 
F Viscosity of lubricant D, — Diameter of journal 
V Speed of journal D; Diameter oí bearing 


Hersev has shown that the coefficient of friction is a 
dimensionless function of all the factors listed as influ- 
encing friction. It is consequently dependent on their 
combination rather than on each independently. The 
assumption made (including the constancy of the clear- 
ance between the journal and bearing) and the combin- 
ation of the remaining variables as in the first part of 
I-quation (1) above, give the equation: 

Viscosity of lubricant X journal speed 


— z C (2) 


Pressure on bearing 

Values of coefficient of friction plotted against C re- 
sult in curves which are straight lines in the region of 
complete film lubrication. By varying either the speed 
or the pressure, the friction can be brought within the 
region of incomplete film lubrication. This relation 
may, therefore, be used to study the conditions where 
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the laws of hydrodynamics do not apply in spite of 
simplifying the assumptions. These var:ous curves 
bright out the general facts with reference to the choice 
of lubricant and particularly with reference to the vis- 
cosity desired. 

As the viscosity is lowered, the coefficient of friction 
drops and with it the power loss from the friction in 
the film of lubricant. The limit in lowering the vis- 
cosity of the lubricant is the factor of safety demanded 
to allow for loss in viscosity with accidental overheat- 
ing. It may be further stated that if an interface is ade- 
quately lubricated, but in extremely slow relative 
motion, a heavy load on the surface may squeeze the 
lubricant out from between the interface, possibly to 
an extent that will destroy lubrication. 

It is common experience that as speed increases, fric- 
tional resistance becomes less. This is attributed to 
the tendency of the lubricant under the influence of the 
moving surfaces to build up into a relatively thick film 
at the point of nearest approach. In forced feed lubri- 
cation the average film thickness will not vary with the 
eccentricity of the journal, but the viscosity of the oils 
will determine the eccentricity and hence will determine 
the film thickness at the point of nearest approach of 
journal and bearing. 

Referring to Equation (2) and the accompanying 
Fig. 1, it will be seen that when the values of the con- 
stant C are high, that is, viscosity and speed are high 
and pressure is low, the relationship is expressed by a 
straight line. As C becomes lower in value, the coeffi- 
cient drops until a minimum point is reached. With a 
slight further reduction in the value of C, the coefficient 
of friction increases rapidly. Above this transition 
point, lubrication is stable. Below the transition point, 
lubrication is unstable, with imminent danger of seizure 
and injury to the bearing. This general relationship 1s 
confirmed by everyday experience, since decrease in the 
viscosity of lubricant, decrease in speed and increase 
in load all tend to induce seizure of the bearing. 


Oiliness 


Oiliness may be defined as that property which causes 
two lubricants to possess different coefficients of fric- 
tion, although their viscosities at the film temperature 
may be the same. The modern viewpoint is that this 


Z=Absolute Viscosity 
N=Speed of Journal 
P=Bearing Pressure 


Coefficient of Friction 


Partial | Complete fluid 
lubrication T [* Film lubrication 


ZN Viscosity x Speed 
P Load 


Fig. 1—Below the transition region T in- 





complete lubrication results in high fric- 
tion caused by metal-to-metal contact 


Point of nearest 


Wedge shaped 
4 ; approach 


oil film ~ 









* Direction of 
displacement 


Direction of rotation a 
~~._ Direction of load 


on bearing 


Fig. 2— Resear: hes have definitely estab- 
lished the fact that all load-carrying oil 
films must be wedge-shaped 


Minimum pressur 
Journal ~. Ns P — 
E j 


Direction of 
FK a splacement 


Line of /oad - \ Maximum pressure 


Fig. 3—Location of the principal points of 
pressure in an oil film and the direction of 


eccentricity of the journal 


property of oiliness 1s the result of the tendency of the 
lubricant to become absorbed on one or both surfaces 
at the interface, thus tending to saturate the attractive 
forces of the surfaces and to lower their capacity for 
cohesion. Herschel's research work has proved three 
things: 

l. Petroleum oils of high viscosity have better oiliness 
than those of low viscosity. 

2. Lubricants of the type containing lead, soap or oleic 
acid have remarkable superiority from the standpoint of 
oiliness. 

3. The oiliness of a given lubricant is not the same when 
tested in conjunction with different bearing metals. 


According to tests, an increased oiliness has been 
found to accompany an increase in the lead content of 
the bearing metal against which lubricant was being 
tested. This ability of a high lead alloy to retain the 
lubricant accounts in part for its remarkable superiority 
when used under condition of poor lubrication. 

Some surfaces lend themselves particularly well to 
the adhesion of a lubricant. i 

A journal running in a full bearing undergoes a dis- 
placement in a direction at right angles to the line of 
load and the point of nearest approach between journal 
and bearing is on a diameter at right angles to the line 
of load, as illustrated in Fig. 2. 

Investigations have shown that the location of the 
points of maximum and minimum pressures are svm- 
metrical with respect to the point of nearest approach. 
It has also been shown that the film thickness and pres- 
sures within the oil film vary over the journal surface 
in the manner as shown in Fig. 4. 

Plotting the developed pressures in an oil film around 
a circle representing the journal surface, the curve in 
Fig. 5, was obtained. This curve therefore is a gr: 
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ical representation of the distribution of the calculated 
values of pressure over the journal surface. ‘The total 
resultant of all these pressures in the direction opposite 
to the imposed load (vertically downward in Fig. 5) 
will be the carrying capacity of the bearing for the ex- 
isting conditions. In Fig. 5, if the direction of the load 
against the bearing is known (downward) then the 
curve indicates that the lowest pressures in the oil film 
exist somewhere near the center of the upper bearing 
itself, and it is there that we should logically locate the 
oil supply line. 

[f the oil supply were improperly located, for ex- 
ample, in the maximum pressure area, then the bearing 
would refuse to take up any further oil once the film 
pressure generated in the bearing exceeded the supply 
pressure. This at once limits the amount of lubricant 
that can be fed into the bearing, and may result in 
faulty lubrication, increased bearing temperatures and 
excessive wear. 

The main difficulty in lubrication is that the direction 
of the load against the bearing is not always known. 
Sometimes it is practically impossible to predict the 
point of the minimum pressure to get the best location 
for the oil feed line. 

From the curve in Fig. 5, we have further to assume 
that any interference with the attainment of full pres- 
sure within the film will cause the bearing to run ineffi- 
ciently. It is exactly for this reason that oil grooving 
in the high pressure zone is poor practice. Such grooves 
would interfere with the development of the pressure 
in the oil film since they permit the oil to escape rapidly. 
Oil grooves in the low pressure zone, however, interfere 
very little with the generation of the necessary pressure 
within the oil film. On the contrary, they permit ready 
introduction of the lubricant into the bearing. This 
explains the successful practice of placing oil grooves 
in the low pressure zone. 


Relation of Film Theory to Practice 
Because certain types of machinery function with 


comparative satisfaction with a wide variety of lubri- 
cants, the thought may occur that perhaps this matter 
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of definite lubrication recommendations is oversold. It 
is true that virtually any good grade of oil or grease 
will develop lubrication, but how effectively this will 
result in the maximum reduction of friction will depend 
upon the ability of the lubricating film to withstand 
the operating pressures, temperatures and possibility of 
contamination. This problem has been extensively 
studied, and it is felt that usually for any particular 


Minimum pressure 


n Qi / film 


Constant 
"^ pressure 


ne 






pressure 


`~ Bear i ng reac fion 


Fig. 5—Distribution of bearing pressure 
and the direction of eccentricity of a jour- 


nal rotating in its bearing 


type of service there will be some one specific lubricant 
that will insure the most satisfactory service, by virtue 
of some inherent characteristic. 

In considering pressure alone from the viewpoint of 
the degree to which it may impair lubrication, the im- 
portant point to remember is that if the viscosity or con- 
sistency of the lubricant is not sufficient to withstand 
the squeezing-out action which may be developed, con- 
siderable damage because of lack of proper lubrication 
will probably follow. Pressure is one of the salient 
features which must be considered in the study of any 
lubrication problems. 

It is evident that under average conditions the greater 
the pressure between any two wearing elements, the 
heavier or more viscous must be the lubricating film in 
order to prevent metal-to-metal contact. In a bearing, 
the essential solution to this problem will be proper 
grooving and adequate bearing area. On the other 
hand, with certain types of wearing elements the dan- 
ger of impaired lubrication due to pressure can be par- 
tially prevented by enclosed construction and the oper- 
ation of the parts in a bath or flood of lubricant. 

In some designs pressure can be met with pressure, 
the lubricant being maintained within the clearance 
spaces by some form of pumping device. But, irre- 
spective of the means of application, a certain degree 
of adhesiveness and sufficient viscosity must be pos- 
sessed by the lubricant. 

The ultimate factors in lubrication are: the operating 
conditions, the speed and bearing pressures, and details 
of construction in regard to grooving and oil intake. 
By virtue of the size, duty and bulky nature of the 
moving parts of the average machine involving high 
pressures, it has been deemed advisable in many designs 
to provide for some form of positive automatic lubri- 
cation. Greater economy should therefore result, 
greater efficiency is assured and less attention is neces- 
sary. 
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QUESTION AND COMMENT 











Drafting Shortcut 


J. R. HEILMAN 
Appliance Drafting Department 
Westinghouse Electric & Mfg. Company 


€ When à new appliance is being pre- 
pared for the market, the engineers in 
cooperation with the artists and model 
makers usually design and fabricate a 
full-size model for submission to sales 
executives for final check and ap- 
proval. Usually no more than one or 
two models are made. 

Using the tools at his command, the 
draftsman often has difficulty in repro- 





ducing embossings and contours of 
flowing lines designed by the artists. 
Since the hand-made models are ordi- 
narily in demand for exhibit, cost 
estimating and manufacturing prob- 
lems, the time allowed for the use of 
these models in the drafting depart- 
ment is limited. 

Take, for example, preparing assem- 
bly drawings of several new types of 
percolators. Since preliminary models 
are available for a period of only four 
or five hours, it is necessary to make 
the drawings to scale within that time, 
accurately transferring working dimen- 


sions and contours from the samples 
to paper and obtaining sufficient infor- 
mation to be able to make conventional 
working drawings. 

Using the following shortcut meth- 
od, “shadow printing,” each sample is 
secured by its base to the inside of one 
side of a box. On the inside bottom 
board, as illustrated, a sheet of sensi- 
itzed blueprint paper is placed in po- 
sition to accommodate the shadow of 
the percolator. By exposing the box 
with the percolator to sunlight at the 
proper angle, a sharp outline print is 
obtained. Because sun rays are par- 
allel the object to be printed will be 
duplicated on the sensitive paper very 


-- Sensitized paper 30x and obicct tilte 
AULEM. Boa and object tilted 
of box to face the sun pro- 


duces a shadow print 
that is a true contour 
of the ob rect 


“Shaclow or silhouette 
printed here 


accurately. After developing the print, 
it is a relatively easy task to place 
tracing cloth over the design and copy 
the outline with accuracy that is equal 
to the result obtained by careful mea- 
suring of the article itself. 

This method gives an exact repro- 
duction of outlines of objects small 
enough to handle, is a quick and inex- 
pensive method, and can be accom- 
plished with little expense for equip- 
ment. Since the method requires no 
skill and preparation, satisfactory 
results can be obtained by anyone in 
the department. 


New Problems 
in Engine Design 


FRANK C. HUDSON 
New York, N. Y. 


@ Except in hill climbing and during 
acceleration, the automobile engine of 
a few years ago rarely ran at 50 per 
cent of its peak power. Lower power- 
weight ratios and better roads are 
changing the picture materially and 
sustained speeds of 50 to 70 mi. per 
hr. are not uncommon in some sections 
of the country. This new condition 
has put the automobile engine almost 
in the same class of service as that of 
the airplane, which runs at a high per- 
centage of its peak for long periods. 
This changing condition has brought 
new problems to the automobile en- 
gine designer and builder, among 
them being the need of better metals 
than babbitt for main and connecting 
rod bearings. As a result they are 
testing copper-lead alloys, with other 
ingredients such as nickel. Tin has 
been tried, but is not recommended. 
Lubrication is another problem pre- 
sented by the new conditions. Not 
only the kind of oil and its grade, but 
the quantity supplied is also impor- 
tant. Some oils which are satisíac- 
tory with babbitt bearings do not give 
good results with the copper-lead mix- 
ture. Aviation experience in the way 
of lubricants is being carefully studied. 
One great difference between the two 
fields is that aviation engines are cared 
for by men of mechanical ability and 
experience, while this is not true with 
the majority of automobile engines 
If the automobile builder is going 
to continue to have satisfied users 
under the new conditions he must evi- 





Scales for Drawings 


DAVID FLIEGELMAN 
Coppus Engineering Corporation 


@When it is necessary to make a 
drawing to a specified size, the accom 
panying table indicates the reduction 
required and the scale to be used. The 
chart also serves for fractional scales 
—the 4 size can be doubled for the 2 
scale, and the 4 size can be tripled for 
the 3 scale. 
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dently do a lot of research and rede- 
signing. If he can make an engine 
that meets the demand for continued 
high speed and that stands up with 
the little attention given by average 
drivers, the aviation industry may be 
able to profit by his example. 

In any case it behooves automobile 
engine builders to do a lot more re- 
search work and perhaps to largely 
redesign their present power plants. 


Friction Coefficient 
Wanted 


To the Editor: 
@ A cast-iron conveyor chain slides in 
a structural steel channel having sur- 
faces that are unfinished but worn 
smooth and slightly lubricated. I would 
like to have some idea of the friction 
coefficient at rubbing velocities of 5, 
10, 20 and 40 ft. per min., under pres 
sures of 1, 10, and 30 Ib. per sq.in. 
—A. WoobALL SMITH 
Kenmore, N. Y. 


Developing 
a Product 


JOHN A. HONEGGER 
Paterson, N. JF; 


€ Recent discussions oi product de- 
velopment have centered around artis- 
tic design and eve appeal. Although 
such appeal is essential, it is only one 
of many factors in successtul market- 
ing. From the inception of the idea to 
the finished product, there are at least 
38 steps that must be considered, as 
shown in the accompanying chart. 
Five divisions of this chart indicate 
in detail the time, money and effort in- 
volved before a patentable idea is trans- 
formed into an acceptable and salable 


itent Survey,” the first division, 
es a search of previous patents 
to establish priority before spending 
any iurther effort. If the idea is only 
provement, it may be necessary to 
purchase existing patents to reduce the 
lity of infringement. 
rmation under “Market Survey” 
Is idered before “Product Sur- 
vey to provide data for the manufac- 
nung organization. For the maker is 
l in what to manufacture, 
products can be sold, the selling 
d quantity. 
petitive Product Survey” is 
| since competitors also desire 


to their product. Competitive 
Products must be examined for advan- 
tag er the new product, and all 
pos improvements incorporated in 
t device. 


Steps in Product Development 


Proposed Idea, Patent or Product 






















Market 


1. Consumer de- 
mand for simi- 
lar products 


2. Location of 


market. 

3. Seasonai 
variations 

4. Price 

5. Discounts re- 
quired 

6. Sales outlets 
7. Advertising 
methods 

8. Selling terms 
9 Financial 
standing of pur- 
chasers 

10. Distribution 
methods, 

11. Importance 
of style and 
color 

12 Packaging, 
wrapper, quan- 
tity in package 

















Patent Survey Survey 





1. Search for ex- 
isting patents 
2. Prosecution of 
patent applica- 
tions when re- 
quired 

3. Search for 
possible in- 
fringements 

4. Negotiate for 
patents needed 
5. Assignment of 
patents to client 
when required 



























































Clerical and 


Statistical Service 





Product and Market Research 
and Development Staff 







Summarized Report 









Manufacturing 
Cost Survey 


Competitive 
Product Survey 






1 Competitive 
manufacturers 
2. Superiority 
of competitors’ 
products 

3. Inferiority of 
competitor's 
products 

t. Modification 
or redesign to 
incorporate 
equal or superior 
qualities and 
eliminate  in- 
ferior qualities 
5 Future im- 
provements to be 
adopted in re- 
design 


1 Changes to 
simplify manu- 
facturing proc- 
esses 

2. Reliability, 
service life 

3. Effect of tem- 
perature and 
limatic changes 
4. Cost of serv- 
icing 

5. Initial prod- 
uct investment 
6. Approximate 
manufacturing 
cost 

7. Reasonable 
profit per unit 
8 Minimum 
quantity per 
year for return 
on the invest- 
ment 

9. Floor space 
required 




























































































Legal and other 





advisory service 


Organization Set-Up 


l. Operating organiza- 
tion tions 
2. Service organization 
i 

k 


zation 


4. Sequence of opera- 7. Tool 


5. Equipment and tools 
Distributing organi- 6. Material and labor 8. Operating manuals 
sources of supply 


equipment, 
labor, material and 
overhead costs 


prepared 


FINISHED PRODUCT 


If the “Manufacturing Cost Survey” 
is favorable, the producing organiza- 
tion is set up, and the product is started 
on its way tothe consumer. The future 
of the product is assured if every step 
has been checked by this careful pro- 
cedure to eliminate chance, the greatest 
factor in industrial suicide. 


Intensity of Stresses 
in Standard Threads 


To the Editor: 

9 ^ recent bulletin of the University 
of Illinois Engineering Experiment 
Station, "The Strength of Screw 
Threads Under Repeated Tension," by 
H. F. Moore and P. E. Henwood in- 
cludes a comparison of stress-concen- 
tration factors obtained by photo-elas- 
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tic tests and fatigue tests. For Amer- 
ican Standard threads fatigue tests give 
stress-concentration factors of 2.84 and 
3.85 for two different steels. These fac- 
tors are compared with a value of 
5.62 reported by S. G. Hall in Bulletin 
245 of the Engineering Experiment 
Station, "Determination of Stress 
Concentration in Screw Threads by 
the Photo-Elastic Method." 

Somewhat similar — photo-elastic 
tests, reported in Product Engineering 
for July 1933, by A. G. Solakian in the 
article “Why Threaded Parts Fail,” 
gave a value of 3.95 for the stress- 
concentration factor. 

Differences between  photo-elastic 
results of Solakian and those of Hall 
are hardly to be accounted for by 
errors in the photo-elastic measure- 
ments, since both investigators check 
their technique by trying out speci- 
mens with “computable” stress raisers. 
The differences undoubtedly arise from 
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the different methods of applying 
stress to the specimen. Solakian’s 
specimen, shown diagramatically in 
the accompanying illustration, involved 
the use of a model representing the 
cross-section of the bolt and nut with 
threads in contact.  Hall's 
specimen, also shown in the accom- 
panying diagram, involved contact be- 
tween one pair of mating threads. 
While Hall’s set-up gives a little more 
definite location and magnitude of 

thread, Solakian’s 
simulates a 


several 


pressure on one 
more closely 
threaded connection. 

Both Solakian and Hall use the 
specimen with much larger thread 
han the 3 in. thread actually tested in 
fatigue. It is not at all certain that 


method 





American 


model of 


Photo-elastü 
Standard screw threads as used by 
Solakian (left) gave smaller stress- 
concentration factors than obtained 
from Hall's model (right) 


the stress-raising effect will follow the 
laws of geometrical similarity. 

Close coincidence between photo- 
elastic results and fatigue test results 
are hardly evidence of accurate photo- 
elastic work, especially in determin- 
ing localized stress. It has been our 
general experience that the slight 
plastic action in actual fatigue tests 
tends to give effective stress-concen- 
tration factors lower than those given 
by photo-elastic tests. In orther words, 
photo-elastic tests tend to give values 
on the safe side for stress concentra- 
tion factors. —H. F. Moore 

University of Illinois 


Analysis of Stresses 
In Connecting Rod 


To the Editor: 

€ ^n approximate theoretical solu- 
tion can be obtained for the stresses in 
the connecting rod design submitted 
by Henry Bohn in the April number, 
page 149. First, the stresses caused by 
the press fit can be computed by 
formulas for a thick cylinder acted 
upon internally by a uniform radial 
pressure, using the procedure pre- 
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sented in the article "Tests Check 
Shrink-Fit Stress Calculations," ap- 
pearing on page 171 of the May 1933 
number of Product Engineering. 
Superimposed on the press-fit stresses, 
are the stresses caused by the pull on 
the rod, found approximately by ap- 
plying formulas for a thick ring sub- 
jected to a diametrical pull. 

Unfortunately, the effect of the pull 
in the rod will be to deform the ring 
out of its original circular shape, thus 
producing a non-uniform bearing of 
the press-fit parts. Since the stress 
calculations assume uniform pressure, 
considerable error will be introduced 
in the calculated stresses. 

Jleing of a two-dimensional charac- 
ter and semi-determinate theoretically, 
the problem can be solved by a photo- 
elastic investigation, making use of 
polarized light and bakelite models. 

\. G. SOLAKIAN 
Columbia University 


Spot Welding 
Reduces Scrap 


To the Editor: 

@ Retaining rings or clamping rings 
of relatively large diameter and thin 
cross-section are usually made by first 
drawing a cup from sheet material, 
and then trimming the required ring 
section from the cup. But the amount 
of scrap loss is very high with this 
process, and furthermore, the neces- 
sary blanking, drawing and trimming 
dies are expensive. 

The accompanying illustration 
shows a ring 7 in. in diameter having 
an “L”-shaped section made from sz 
in. thick brass. For each ring made 
by drawing and trimming, 62.4 sq.in. 
of sheet brass is required, and 73 per 
cent of this is scrap. 

In the spot-welded assembly, the L- 


Spo f we /7 4 


UD 


Spot-welded 
tamper-proof sealing 
quires 72 per cent less material 


design for this 
ring, re- 


than a drawn and trimmed ring 


section is formed from strip stock, and 
rolled to the desired curvature, thus 
eliminating practically all scrap. Spot 
welding is also an advantage here 
since the ring is used to assemble 
sealed apparatus, and the use of ordi- 
nary fastenings is not permissible. A 
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satisfactory joint is secured by spot 
welding the two ends of the ring to a 
small curved sheet of brass inside the 


ring. With this construction, the 
amount of sheet material required for 
each ring is reduced to 17.6 sq.in., a 
saving of 72 per cent. 
—F. S. Stickney 
Meter Engi 
Westinghouse Electric & Mfg. Comp 


Design of 
Perforated Cone 


To the Editor: 

@ Supporting a 5-ton column of 
broken rock, a conical base for a fil 

is required to be perforated with 


centers (entire 


cone) 





What thickness of sheet will 
be needed for the perforated 
cone in this filter? 


diameter holes, 1 inch apart. With 
the filter diameter and cone depth in- 
dicated in the illustration, what thick- 
ness will be required for the sheet 
steel used in the welded conical sup- 
port? 

Corrosion will not be a factor in 
this application as the liquid filtered 
is at normal temperature and does not 
attack steel, —E. A. TscuorP 


Wilmington, Del. 


Taper Pin Chart 


M. G. DEMOUGEOT 


Assistant Factory Manager 
International Banding Machine Company 
@ Charts for taper pins given in cata- 
logs and handbooks are incomplete, and 
none of them give shaft diameters on 
which the various sizes of pins may be 
used. In the first table the size ot 
pin shown for a given shaft dia: 
will prove satisfactory for all ordinary 
applications. 

Lengths listed in the left-hand cor 
umn of the second table are gives f 
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standard size pins with a taper of 1 in. 


per ft. These pins are usually obtain- 
able from stock. All sizes listed above 
the heavy line are of suitable length 
for use with standard length reamers. 
)y referring to the diameter at the 
small end of the pin the drill size for 
any pin can be obtained. 

It the table at the top of the chart is 
used as a guide in specifying the size 
of taper pin, the same size pin will be 
used consistently for a given shaft 
diameter. The maximum length indi- 
cated for standard reamers is a guide 
in selecting hub diameters. 


Comparing Spring 
Charts 


] e Editor: 
9 4 comparison of springs designed 


according to the charts given by Fred- 
erick Franz in the June number and 
the Reference Book Sheet for July 
shows that the two sets of charts give 
con nt results. For example, the 
spring shown by Mr. Franz on page 
217, Vig. 6, is designed for a maxi- 
mum fhber stress of 50,000 Ib. per sq. 
In, with an initial load p of 60 Ib., 
and load of P of 93 Ib. at the end 
ot t pring working range of $ in. 

Assuming a value of 6 for r, the 
I the mean spring diameter D 
o t 


ire diameter d, the deflection 





from the Reference Book 


per coil F 
Sheet chart on page 280 is obtained 
as follows: 


P = 93 Ib. 

d = 0.189 in. 
D — 6 x 0.189 
— 1.134 in. 

F — 0.0731 in. 

Where n is the number of turns, the 
total compression nF is RP/(P — p) 
or 1.76 in. Then 5 is 1.76/F or 24.1 
active turns. The free length Ly is 
given by: 

L; = 1.1 dn + nF 
— 1.1 x 0.189 x 24.1 +1.76 
= 6.77 in. 

These spring dimensions, listed in 
column A of the following table, 
agree closely with the dimensions ob- 
tained by Mr. Franz as shown in 
column B. 

A B 
0.189 0.190 
1.134 1.12 


Wire diameter d 
Mean coil diameter D 


Deflection per coil F 0.0731 0.0729 
Active coils n 24.1 24.3 
Free length Ly 6.77 6.90 


If any ratio of r between 4 and 10 
is used, ratios larger than 6 give 
shorter springs of greater diameter, 
while with ratios smaller than 6 
springs of greater length and smaller 
diameter are obtained. All springs, 
however, fulfill the required condi- 
tions. 

For m the number of dead turns 
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at the end of compression springs, the 
following formula can be used: 


ye 
n 2 5/7 


\pplying only for springs of 5 
turns or more, this relation gives a 
range from 1.5 to 2.5 for the number 
of inactive coils. —Canr P. NAcHOD 

Vi e Presidi $ 


Nach l and U. S. Signal í mpanv, I 


" Y 

Accuracy of Charts 
lo the Editor 

9 Although the chart for Barth Gear 
Factors by F. A. Mickle, on page 
269 of the July number, gives a pic- 
ture of the variation of the factor with 
velocity, in some instances values can- 
not be obtained from such a chart 
with sufficient accuracy. For constant 
use by a designing engineer, tabulated 
data can be read more quickly and 
accurately, and tabulated values used in 
design notes are definite. 

For use with many formulas giving 
only approximate results, and for parts 
which are not designed up to the limit, 
data taken from charts are sufficiently 
accurate. On the other hand, it is es- 
sential at: times for certain factors 
entering into calculations to bear a 
consistent relation to other factors, 
and only tabulated data gives con- 
sistent values in such instances. For 
example, if gear sizes and widths 
are calculated for a 50 hp. drive, and 
compared later with a similar design 
for 60 hp., the face width obtained 
for the second gear drive should be 
20 per cent wider, if the gear sizes 
are held the same. If tabulated Barth 
factors are used variations in results, 
are minimized, since tabulated data 
can be made as accurate as required. 

—A. C. RASMUSSEN 
Chief Engineer 
Insley Manufacturing Company 


Tolerances 


To the Editor: 
@By judicious use of the various 
methods of designating tolerances, the 
designer can indicate to the tool maker 
the type of fit needed. No one method 
alone is suitable for all dimensions. 
Tool makers and mechanics who 
work to close tolerances are as a rule 
quite intelligent, and in machining a 
part will work to the basic dimen- 
sion when the tolerance is given as 
plus or minus the desired value. Zero 
tolerances in one direction indicates 
to the mechanic that the basic dimen- 
sion is to be approached, but not ex- 
ceeded. However, the use of a toler- 
ance such as 0.248-0.252 means that 
any dimension within these limits is 
acceptable. —R. J. PALMER 
New York, N. Y. 
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Eight Types of Retaining 


All the devices shown on these two pages 





Hex nut 


ADAM FREDERICKS 


Fig. I—The “dutchman,” a common form of fast- 
ening. 

Fig. 2—One screw locks another in the same hole. 
Fig. 3—A member screwed into another held by 
a setscrew to prevent the parts from unscrewing. 
Fig. 4—A long hex nut locked in place at the end 
of a shaft by a headless setscrew. 

Fig. 5—Member retained on the end of a split 
shaft by means of an ordinary pipe plug. 

Fig. 6—The split cup-point of the setscrew spreads 
when it is pressed against the steel ball. 

Fig. 7—A member held on an eccentric shaft. 
Fig. 8—One screw inside another serves as a means 
for adjustment as well as for locking. 

Fig. 9—A dog pointed setscrew fitting groove in 
shaft, locks radially and longitudinally. 

Fig. 10—Screw used for holding a tapered head. 
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and Locking Devices—I 


come under the head of screw locks 





FIG.14 















Fig. 11— Various forms of split nuts wedged apart 
by a small dog point setscrew so as to jam the 
threads. 

Fig. 12—A taper headed screw used in a split 
shaft. 

Fig. 13—-A wedge-shape piece held by a setscrew. 
Fig. 14—A combination wedge and lock screw ap- 
plication, one wedge holding another. 


Fig. 15—-One screw and a clamp used for holding 
two wedge-shaped pieces simultaneously. 

Fig. 16—Cone point screws contact conical holes 
in shaft for adjustment and locking means. 

Figs. 17 and 18—Means of fastening oil tubes and 
flexible tubing, Fig. 18 either single or double, Fig. 
17, either double or triple, with or without the 
lower half. Lock washer used. 

Fig. 19—No turning and threading of the shaft 
for washer and nut is required. 

Figs. 20 to 24—Clamp collars should have screw 
close to hole, » in. sufficing, for strong binding. 
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NEWS 





Many New Features in Latest 


Subway-Elevated Cars 


Improvements include electric door operators, 


eddy current braking, acceleration of 5 m.p.h. 


per sec., and cork flooring 


HE second of two experimental 
five-section articulated stream- 
lined cars, built for the Brooklyn- 
Manhattan Transit Corporation was 
delivered July 18 by the E. G. Budd 
Manufacturing Company. The first 
of these two streamlined units was 
built of aluminum by the Pullman Car 
& Manufacturing Company and was 
placed in regular service last month. 
Although in many respects quite 
similar to the aluminum cars built by 
the Pullman company, the stainless- 
teel unit built by Budd has a number 
of striking new features in addition to 
the type of light-weight construction 
used 
One of the radical departures in this 
stainless-steel car is the truck design. 
Considerable weight reduction was at 
tained by using a chromium-manga- 
nese-silicon alloy steel for the welded 
truck frame and swinging bolster, the 
completed assembly being annealed. In 
the annealed state, the chromium-man- 
ganese-silicon steel used has a tensile 
strength of 85,000 Ib. per sq.in. The 
i lick and the 


1 
} 
i 


heaviest plate used is 4 in. t 
thinnest plate, 1 in. thick. 

The 29-in. truck wheels are mounted 
in Timken roller bearings. Rubber is 
used extensively throughout the whole 
truck, but solely for the purpose of 
interrupting the metallic sound paths 
from the track to the car body. No 
rubber is used in shear; it is all in 
direct compression. 

Rapid deceleration is provided by 
eddy current braking. This consists 
briefly in applying to the armature 
shaft an iron disk which rotates in a 
strong magnetic field, the current for 
which is furnished by the third rail and 
therefore controllable. Braking torque 
is a function of the field strength and 
speed of rotation, the energy dissipated 
by these brakes amounting to ap- 


proximately 50 b.t.u. for each disk per 


revolution of the wheel [he heat is 
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dissipated by a self-ventilating rotor. 

Eddy current braking is not to be 
confused with electrodynamic braking, 
the latter being simply a reversal of 
the normal rotor function. 

The flooring is built up on a cor- 
rugated sheet of stainless steel 0.20 in. 
thick. On the upper side of the sheet 
the corrugations are filled with strips 
of cork over which are laid cork tiles 
l-in. thick, giving a warm comfort- 
able floor with excellent wearing 
qualities. 

All doors, which are of stainless 
steel, are electrically operated, a fea- 
ture which is a new development of 
the General Electric Company. With 
high-speed operation, the door mo- 
mentum becomes an important factor, 
either with respect to the jar of 
slamming, striking someone who might 
happen to be in the door opening, and 
the power required to close the door. 
The door motor is operated on the 
principle of the electro-magnetic 
action between a magnetic field and 
a current-carrying conductor, the 
motor armature being a part of the 
door, 

Other features include indirect light- 
ing, aluminum alloy air compressors, 
Sirocco type blowers for air ventila- 
tion and circulation, seamless copper 
piping with sweated-on forged fittings 
for all piping, 70-hp. motor on each 
of the twelve driving axles and elec 
trically operated destination signs. 


Synthetic Rubber 
Tested Successfully 


UTOMOBILE tires made entirely 

of Du Prene, a synthetic rubber 
developed by du Pont scientists, have 
been built and tested by the Dayton 
Rubber Manufacturing Company. Ac- 


cording to reports of these tests, th 
tires have proved themselves to | 
equally as tough and durable as tire 


built of natural rubber. Microscop: 
examination after tests on both type 
of tires disclosed no difference in wea 
rate. 

Compared with the natural rubber, 
the new synthetic rubber has been 
found to be more resistant to th 
swelling action of gasoline, kerosen 
and other solvents, and more resistant 
to the action of the air and other 
chemicals that are destructive to 
natural rubber. This synthetic mat 
rial is also resistant to oil. 

According to J. A. MacMillan, 
president of the Dayton Rubber Com- 
pany, the purpose of developing and 
testing the synthetic rubber tires was 
primarily to determine their ability to 
stand up in service, thereby procuring 
data on the durability of this material 
under severe conditions. Quoting Mr. 
MacMillan: 

“We can swing into production of 
tires using synthetic rubber at any 
time. However, just at present it is 
likely that the use of synthetic rubber 
tires will be held in reserve as long as 
foreign supplies of native rubber re 
main undisturbed and the supply 
adequate. Production of products 
other than tires will be advanced, how- 
ever, and research work will be 
pressed forward continually in our 
laboratories, which are fully equipped 
for this purpose.” 

The Dayton Rubber Manufacturing 
Company has just completed a 
specially designed new plant for the 
production of synthetic rubber prod- 
ucts as well as other allied synthetic 
products. 


Chrome-Plated Copper 
Put to New Uses 


N A news item in the July number 

it was incorrectly stated that in 
the new Ford building at the Century 
of Progress, plywood with alloy-steel 
facing was used for decorative pur- 
poses. This was incorrect. [ he 
facing material was not alloy-steel but 
"Apollo ChromCopper," this material 
being sheet-copper, chromium plated 
in the sheet previous to fabricati 

According to further information 
furnished by the Apollo Metal Works, 
manufacturers of pre-finished metals, 
more than 20,000 sq.ft. of this 
chromium-plated  satin-finish copper 
was used to adorn the monum ital 
Ford building at the Century Oo 


Progress. This included more than 


2,600 panels faced with “Chrom- 
Copper.” 

For this same building, more than 
6,000 ft. of “Reflector Trough” made 
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íi ChromZinc were installed to serve 
as light reflectors, which material was 
selected because of its high resistance 
to tarnishing and also because of its 


reflecti Ity. 


Design Papers at the 
Metals Congress 


V 71TH four engineering societies 
cooperating, the National Metal 
Congress to be held in New York 
City during the week of Oct. 1, prom- 
ises several sessions of value and in- 
terest to designers. At a joint session 
of the American Society for Metals 
and the metropolitan section of the 
American Society of Mechanical En- 
gineers two papers are scheduled on 
the design applications of some of the 
newer allovs. E. E. Thum is to cover 
alloy steels, the non-ferrous metals 
being discussed by Zay Jeffries. 
Under the joint sponsorship of the 
American Institute of Mining and 
Metallurgical Engineers and the 
\merican Society for Metals, a ses- 
sion on die-casting will include papers 
on the applications and the physical 
properties of zinc alloy, magnesium 
alloy and brass die-castings. These 
papers, now being prepared, promise 
to be of considerable value to design- 


Ing engineers. 


Machine Drives 
Being Investigated 
S INSORED by a number of leading 


anutacturers of power transmis- 
sion equipment, an organization known 


as the Mechanical Power Transmis- 
ion Associates has been established. 
Under the supervision of V. A. Han- 
SO! power transmission engineer, 
this organization has conducted in- 
vestigations to determine the relative 


group versus unit drives for 
tion machines. 


[1 number of instances, as re- 
ported by Mr. Hanson, it can clearly 
e shown that a group drive is or 
Would be more economical than indi- 
vidu motorized machines. Ac- 
cor to the figures set forth in their 
reports, the initial cost of individual 
motorized machines, or unit drives, is 
tter ' and sometimes three times 
as gi is that of group driven ma- 
chir laintenance costs are claimed 
to be bout the same ratio. These 
a ve been substantiated by a 
"um! 


other independent investi- 
gators 
G. 


. an Brunt, associate editor 
ot I , 


Management and Main- 
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tenance, who has made an extensive 
study of this problem, recently stated: 
"Production considerations, operation 
cycles, the value of flexibility in the 
arrangement of equipment, the range 
of operating speeds required of the 
machine, may often far outweigh any 
considerations of initial and main- 
tenance cost. The fact is that there 
has been too much talk on the broad 
question of which is best—unit drive 
or group drive. Each installation re- 
quires individual study and analysis. 

“In at least one instance the change 
from unit drive to group drive was 
hindered by the difficulty of obtaining 
machines designed for group drive. 
The cost of the belt-driven machine 
may be higher than that of the motor 
equipped machines. The factory man- 
ager is thus forced to accept the 


MEETINGS 


National Metal Congress—New 
York, N. Y., Oct. 1-5, the follow- 


ing societies participating: 





American Society for Metals— 
Hotel Pennsylvania, October 1-5. 
W. H. Eisenman, secretary, 7016 
Euclid Ave., Cleveland, Ohio. 


American Welding Society—Ho- 
tel New Yorker, Oct. 1-5. Miss 
M. M. Kelly, secretary, 29 West 
39th St., New York, N. Y. 


American Institute of Mining and 
Metallurgical Engineers—lInstitute 
of Metals Division, Hotel Penn- 
sylvania, Oct. 2-4 John T. 
Breunich, assistant secretary, 29 


West 39th St, New York, N. Y. 


Printing Research Institute — 
Joint meeting with the A.S.M.E. 
Printing Industries Division, Benja- 
min Franklin Hotel, Philadelphia, 
Pa., Oct. 8-9. E. P. Hulse, secre- 
tary, 29 West 39th St., New York, 


B. X. 


EXHIBITIONS 





National Metal Exposition— Port 
Authority Bldg., New York, N. Y. 
Oct. 1-5. W. H. Eisenman, di- 
rector, 7016 Euclid Ave., Cleveland, 
Ohio. 


Brewery Supply and Equipment 
Exposition—Grand Central Palace, 
New York, N. Y., Oct. 8-13. Felix 
Mendelsohn, director, Hotel Lex- 
ington, New York City. 


Power Show—1lth National Ex- € 


position of Power and Mechanical 
Engineering, Grand Central Palace, 
New York, N. Y., Dec. 3-8. Charles 
F. Roth, director, Grand Central 


Palace, New York, N. Y. 


motor-driven machine even though a 
machine designed and built for group 
drive was better suited for his par- 
ticular plant. 

“Another factor that undoubtedly 
sometimes discourages a change trom 
individual to group drive is the fact 
that usually the machine designed for 
group drive is merely one with a belt 
pulley substituted for a motor. It is 
conceivable that if machines were 
available incorporating all the ad- 
vanced design principles and the best 
parts and units to make them most 
efficient and valuable for group drives, 
it would have a far-reaching effect. 

"Properly designed machines for 
group drive might have a flexibility 
and efficiency of operation approach- 
ing that of certain individually motor- 
driven machines. But when all is said 
and done, each installation will have 
its own peculiar requirements and 
whether group or unit drive is better 
depends on the particular conditions 
of the case." 

Up to date there have been several 
instances reported wherein group 
drive has been selected in preference 
to unit drive, primarily in the field of 
textile machinery. Quoting another 
prominent engineer : 

“Much will depend on how exten- 
sively it will be economical to use 
group drive in favor of unit drive. 
Unless there develops a broad demand 
for machines designed for group 
drive, it cannot be expected that pro- 
duction machinery manufacturers will 
burden themselves with the engineer- 
ing expense of developing production 
machines especially suited for group 
drives.” 


Direct- Drive 
Power Presses 


cr of the striking developments 
in motor-driven power presses 
designed and built in Germany is the 
elimination of the flywheel. The ex- 
tension of the armature shaft of the 
motor is coupled directly to the eccen- 
tric or crankshaft of the press. 

Elimination of the flywheel has 
made possible a considerable increase 
in the speed of press operation. Limit 
switches and magnetic brakes stop the 
press almost instantly at any point in 
its stroke. The press operating cycle 
with rapid approach, slow on the 
actual drawing and quick return, is 
entirely automatic. 

It is also reported that several 
American manufacturers are develop- 
ing power presses of the same type 
which are expected to obsolete much 
of the present equipment because of 
higher production rates obtainable with 
this new type of press. 








New MATERIALS AND PARTS 











Developing Machine 


Using a dry developing process, 
makes positive prints in one operation, 
giving line prints with a white back- 
ground surface which takes pencil no- 
tations. Special sensitized paper is ex- 
posed through original tracings or 
prints on any standard printing ma- 
chine, and then passed through am- 
monia vapor in the developing ma- 
chine. Claimed that the dry develop- 
ing process eliminates shrinking and 
warping of prints, making positive 
prints that are true to scale without 
affecting the texture or strength of 
the paper. Less expensive printing 
paper 1s said to be suitable since no 
washing or drying is involved. 

Machine consists of an ammonia 
vaporizing tank having a perforated 





top over which prints are carried by 
an endless rubber belt. Electric heat- 
ers in the vaporizing tank automat- 
ically maintain a temperature of 
about 180 deg. F. Ammonia solution 
is introduced through a drip feed. Air 
exhaust system around tanks prevents 
escape of ammonia fumes to the room, 
and thoroughly airs prints after devel 
Average power consumption 
approximately 900 watts. 

Dry developing process requires the 
use of paper with special sensitive 
coatings giving blue, maroon, black 
or brown line prints. Single and 
double sensitized tracing cloth also 
available for making prints equivalent 
to tracings, the double sensitized cloth 
developing on both sides. Developing 
machine is 623 in. long, 51 in. high 


oping. 


3114 


and 23 in. deep. Supplied for a.c. and 
d.c., for 110 or 220 volts. Ozalid 
Corp., 354 Fourth Ave., New York, 
N. X. 


Inverted Converter 


Available for changing 115 volts 
d.c. to 110 or 220 volts a.c., and 230 
volts d.c. to 110 or 220 volts a.c. For 
use with small machine tools, radio 
equipment, public address systems, 
where only direct current is available. 
Suilt from standard direct current 
motor and generator parts, it is said 
to be inexpensive, readily portable, 
and afford better voltage regulation 
than is ordinarily available. The field 
structure serves both windings and is 
identical with the field construction 


Dry dez eloping proc- 
ess used by the Oz- 
alid machine makes 
positive prints in one 
operation. 


motors and genera- 
tors. Sizes range írom 3 to 20 
kva., single phase. General Electric 
Co., Schenectady, N. Y. 


of standard d.c. 


Hoppe Electro- 
Hydraulic Valve 


Has no packing, gaskets, springs or 
levers and requires no attention or ad- 
justment. Suitable for ammonia, 
freon, carbon dioxide, oil, air, water 
and other liquids. Operation of valve 
is controlled by a steel ball covering a 
small orifice. When the ball is drawn 
from the orifice by a solenoid, pres- 
sure in the valve chamber is relieved, 
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reducing pressure on the top side of a 
small piston connected to the valve, 
lifting the valve from its seat. When 
ball closes its orifice, pressure ad- 
mitted through a small by-pass above 
the piston closes the valve. Designed 
for pressures up to 250 1b., valves are 
available in sizes from } in. to 1 in., 
consuming 16 watts when in open po- 
sition. Valve automatically closes 
when current is off. A. F. Hoppe 
Engineering Co., 246 S. Meridian St., 
Indianapolis, Ind. 


Paper Smoothness Tester 


To provide a mechanical measure- 
ment of the smoothness of paper, in- 
strument indicates the surface-porosity, 
or the rate at which air flows through 
the inequalities in the surface of a 


^ " 




















specimen. Bearing against each side 
of the specimen, two circular blocks, 
each having a contact area of 1 sq.in., 
have contact surfaces lapped and 
polished optically flat. Paper is sub- 
jected to a pressure of 4-lb., by the 
weight of the top block. Air pressure 

12 in. of water is supplied to either 
side of the paper by the two mercury 
floated cylinders. Graduations on the 
inner cylinders are timed as they pass 
the top surface of the outer cylinders, 
providing a measure of the surface 
smoothness. Both sides of the paper 
pecimen are measured at the same 
time. Low unit pressures applied to 
the sample are said to cause no change 
in its finish, W. & L. E. Gurley, 
Troy, N. Y. 


Automatic Fuel Pumps 


Designed for  pressure-atomizing 
oil burners, this variable-displacement 
type pump eliminates the valve mech- 
anism ordinarily required for pressure- 
type oil burners. Without by-passing, 





p displaces automatically the de- 
volume, requiring no adjustment 
litferent Pump 
incorporates a strainer and auto 
iir-relief. Said to run quietly 
low power consumption, pumping 
fuel that is to be burned. 

C] | to provide full pressure and 
at the start of combustion, 
nstantaneous and positive cut- 
inating dripping of oil when 
rner is stopped. 


nt 


nozzle orifices. 


Pressure ad- 
is provided. Sundstrand Ma- 
ol Co., Rockford, Ill. 


Hauck Micro Regulating 
Valve 


burners, valve is designed to 
lose regulation, dependable 
ind freedom from “fading 
| clogging troubles. Valve is 
vith ring seat having a long, 


tay ening. Rotating, cup-shaped 

X lve plug has a narrow rect- 
ing t perpendicular to the fixed 
t T 


in valve seat. Area of the 


orifice is increased or decreased by 
small increments as the valve plug is 
turned through relatively large angles. 
By means of the lever handle fitted to 
the valve stem, valve can be instantly 
opened full or shut off. Pointer on 
operating handle indicates on a scale 
the position of the valve, making pos- 
sible duplication of previous valve set- 
tings. Available in 7 capacities from 
14 to 1,300 gal. per hr. Hauck Mig. 
Co., 134 Tenth St., Brooklyn, N. Y. 





Three-Circuit Socket 


For applications requiring two or 
three intensities or levels of illumina- 
tion from the same lighting unit such 
as in stores, show windows and audi- 
toriums. In outward appearance it is 
similar to the present mogul porce- 
lain socket. The interior is redesigned 
to provide a floating center contact for 
the high wattage lead, supported by a 
coiled steel spring which insures per- 
fect contact. Surrounding this is a 
ring contact for the low wattage lead, 
as indicated by the pencil in the ac- 
companying illustration. The standard 
shell provides the common lead. Sup- 
porting screw spacings are standard 
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and it can be substituted for the 
present mogul socket directly. West- 
inghouse Electric & Mfg. Co., East 
Pittsburgh, Pa. 


Houghton Lubricants 


Manufactured by a process said to 
increase the load-carrying capacity of 
the oil by chemically combining cer- 
tain other hydro-carbons, increasing 
the film strength, reducing wear and 
maintenance. Shock loads or sudden 
reversals of strain on a bearing are 
said to be adequately met by oils of 
comparatively light weight, without the 
addition of any materials causing a 
change in the oil's appearance, and 
without deterioration or thickening in 
use or storage E. F. Houghton & 
Co. 240 W. Somerset St., Philadel- 


High-Voltage 
Small Bulbs 


For wiring in parallel in 110 to 125 
volt circuits in order that a burned-out 
lamp will not cause all the lamps in a 
string to be extinguished, as is the 
case with the low voltage 
burning lamps. It has a candelabra 
screw base and a burnine life of 500 
hours. Is used chiefly for Christmas 
tree and decorative lighting and is 
slightly larger than the series type, but 
uses only a little more electricity. The 


lamp is 21 


series- 


in. leng, 1$ in. in diameter. 
Available in white, red, blue, green 
and orange Incandescent 
Lamp Dept., General Electric Co., 
Nela Park, Cleveland, Ol 


finishes. 


Multi-F -Belts 





As shown in the illustration, belt is 
constructed of three lavers. The bot- 
tom laver is a rubber cushion or shock 
absorbing member. Center layer or 
tensile member carries the driving 
load, while cords in the top laver pro- 
vide transverse stiffness in the belt. 
Bias cut cover takes the wear against 
the pullev face. Rubber materials are 
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said to be compounded to reduce in- 
ternal heat. The B. F. Goodrich Rub 
Akron. Ohio 


Groove-T ype Bearings 


For designs involving little or no 
thrust in either direction. Outer race 
of bearing has a snap-ring groove near 
one face of the bearing for locating it. 
Protruding 4 in., snap-ring furnishes a 
shoulder virtually integral with the 
bearing itself. By abutting the snap- 
ring against the face of the housing, 
shoulder on the opposite side of the 
bearing is unnecessary, reducing over 
all length of the bearing mounting, 





and permitting the housing to be bored 
straight through from one side. Bear- 
ing available in 8 sizes of the light 
200 series, single-row, and 7 sizes of 
the medium 300 series. 
furnished. The Fafnir Bear 
ing Co., New Britain, Conn. 


Grease seals 
can be 


Fuel Injection Pump 


Said to be sturdy, simple, compact 
ind light. Designed for high speed 
: Rae 
diesel engines, pump is claimed to be 
mple enough for servicing by a garage 
It consists of a drive unit 
and a hvdraulic unit. The drive unit is 


mechanic 





mounted directly on the engine, mak- 
ing it a part of the engine structure. 
[he hydraulic unit is removable as a 
sealed assembly. A secondary filtering 
unit on top of the fuel pump is incor- 
porated as an integral part. Available 
with a governor for automotive, ma 
rine, industrial or constant speed ser: 
ice. Ex-Cell-O Aircraít & Tool Corp., 
1200 Oakman Blvd., Detroit, Mich. 


Photographic Printer 


While primarily used to reproduce 
pencil tracings on tracing cloth, ma- 
chine is designed to reproduce any 
one-sided copy that is semi-translucent. 
Using paper or tracing cloth sensitized 
with either a regular or color-sensitive 
emulsion, negatives or tracings are 
produced that can be used for originals 
in ordinary blueprinting machines. 
Because of the sensitivity of the paper 
used, developing and fixing are per- 
formed under usual "darkroom" con- 
ditions. Exposure adjusted by varving 





speed from 4 to 12 lineal it. per min., 
or adjusting width of aperture from 
l to Ys in. Horizontal printing cylin- 
der of pyrex is 84 in. in diameter, 
shielded so that no light escapes. In- 
side the glass cylinder, a mercury 
vapor tube extending the width of the 
machine furnishes light to expose the 
sensitized material. Total current con 
sumption of machine is 5 amp., 110 
volts, a.c. Paragon-Revolute Corp., 
77 South Ave., Rochester, N. Y. 


Care-Free Capacitor 
Motor 


Designed especially for refrigerators 
to eliminate noise caused by torque vi- 
bration and endwise and radial out-of- 
balance. Is mounted in live rubber 
which is treated to make it impervious 
to oil. End-play silencer eliminates 
end-play noise by cushioning rotor os 
cillations in either direction. Motor is 
protected from falling dirt and water 
by drip-proof end shields. Additional 
features include an optional belt tight- 
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ener which maintains sufficient ten- 
sion, proportional to the load, to pre- 
vent slippage, a cast rotor of solid 
aluminum íormed by high pressure 
casting, assuring balance and per. 
manent electrical characteristics, large 
oil capacity with improved 
packed bearings, oil throwers and re- 
turns. Lubrication is required only 
once a year. General Electric Co, 
Schenectady, N. Y. 


wool- 


Sensitive 
Photoelectric Relay 


Designed to operate with reliability 
on changes in illumination as small as 
one foot-candle or less. When used 
with available light sources is said to 
operate at distances up to 90 ft., with 
white light, and up to 40 ft. with iníra- 
red light. For 110-volt, 60-cvcle, a.c 
supply, relay 1s normally supplied with 
contacts rated at 2 amp., a.c., non 
inductive load. Claimed that a speed 





of 600 operations per minute 
consistently maintained. If desired 
electrical circuit can be arranged $ 
that no plate current is drawı 

the amplifier tube except whi 
light beam is interrupted. G-M Labo 
ratories, Inc., 1731-35 Belmont Jw 
Chicago, Ill. 











Tork Clock Refills 


To replace hand-wound Tork clock 
mechanisms, complete new electric 
clock elements without cases are avail- 
able, constructed so that they can be 
mounted in Tork clock boxes without 
disturbing the boxes or conduit connec- 
tions. These refills are available with 
operating contacts rated at 15 amp. 
for the single-pole silver contact type; 
both single-pole and double-pole mer- 
cury switch types are available in rat- 
ings of 5 and 20 amp. An omitting de- 
vice can be supplied to omit “on” opera- 
tions on one or more days of each week. 
Refill unit is complete and entirely self- 
contained. Timing mechanism is oper- 
ated by a self-starting synchronous 
motor for 115 volt, 60 cycles a.c. Tim- 
ing motors for 230 volts, either 60 or 
50 cycles are also available. The Tork 
Clock Co., Inc., Mt. Vernon, N. Y. 
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Foxboro Stabilflo Valve 


Fully inclosed chrome-vanadium 
steel spring balances pressure against 
the diaphragm supported at a distance 
above the valve to permit free air cir- 
culation and protect the diaphragm 
against excessive temperature. Valve 
motor is designed so that no guide 
bearings are required, a flexible 
coupling between the diaphragm and 


valve stem being provided. Valve 
stem packing is lubricated to reduce 
friction and prevent leakage. Design 
is said to provide uniform flow char- 

ristics between 2 and 100 per cent 
valve capacity. Index attached to the 
valve stem indicates valve setting. The 
Foxboro Co., Foxboro, Mass. 


Corrosion-Resisting 
Pipe Coating 


acid and brine equipment, heat- 
ger apparatus and other devices 
'h corrosive liquids and gases 
are ndled. Applied by a special 


CX( 


process, standard and special straight 


lengths of thick and thin-walled pipe of 
various metals can be protected on the 
outside by a  permanently-adhering 
coating of chemically pure lead, anti- 
monious lead, tin-lead or tellurium-lead. 
The coating can be applied to any spe- 


cific depth. It is claimed to be unusually 
smooth and accurate in thickness and 
to be correctly centered with the pipe 
it protects. This assures maximum 
protection life per pound of coating 
used. Gross Engineering Corp., 3955 
West 25th St., Cleveland, Ohio. 


MANUFACTURERS’ PUBLICATIONS 


Bronze — Cramp Brass and Iron 
Foundries Co., Paschall Station, Phil- 
adelphia, Pa. Folder announcing 
P-M-G Silicon Bronze for castings, 
forgings, rods and shapes. Physical 
properties, corrosion resistance and ap- 
plications included. 


Cable—General Electric Co., Sche- 
nectady, N. Y. Reference Book GEA- 
1837, 80 pages, 84x11, "How to Select 
Insulated Cable.” Advantages and 
limitations of various types of mate- 
rials are given, together with engineer- 
ing data covering the usual application 
of several types of cable. Detailed in- 
formation given on factors that influ- 
ence choice, selection of conductor size, 
insulation and finish. Included are 56 
tables and a bibliography. 


Electric Heaters — Edwin L. Wie- 
gand Co., 7500 Thomas Blvd., Pitts- 
burgh, Pa. Catalog No. 34, 60 pages, 
84x11 in., “Chromalox Electric Heat- 
ing Units," in addition to giving cata- 
log information on strip, immersion, 
cartridge and range heaters, contains 
curves and charts for calculating heat 
requirements. Diagrams of typical 
installations, tables of melting points 
and heats of fusion, and an alignment 
chart for calculating absorption are 
also included. 


Fiber—Taylor & Co., Inc., Norris- 
town, Pa. Booklet, 20 pages, 9x12 in., 
describing and illustrating the facilities 
available and process used in manufac- 
ture of vulcanized fiber, fish paper, 
phenol fiber and fabric gears. 


Gears—Charles Bond Co., 617-623 
Arch St., Philadelphia, Pa. Catalog 
No. 57, 176 pages, 4x6 in., “Bond 
Stock Gears and Speed Reducers,” list- 
ing types and sizes of gears, pinions, 
worms and worm gears, sprockets 
and chains. Also included are speed 
reducers, pulleys, hangers, pillow 
blocks, couplings, casters, and several 
pages of design data. 


Instruments—Sensitive Research In- 
strument Corp., 4545 Bronx Blvd., 
New York, N. Y. Catalog No. 34, 96 
pages, 7x10 in. “Electrical Measuring 
Instruments,” giving catalog informa- 
tion, details of construction and appli- 
cations for indicating instruments, in- 
cluding a number of designs for 
special application, as well as standard 
laboratory instruments and switches. 

Molybdenum—Climax Molybdenum 


Co., 295 Madison Ave., New York, 
N. Y. First number of “The Moly 
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Matrix,” a circular dealing with the 
etfect of molybdenum on the physical 
properties of steel and cast iron. 


Photoelectric Relay — Westinghouse 
Electric & Mfg. Co., East Pittsburgh, 
Pa. Catalog section 43-950, “Type LE 
Photo-Relay," describing equipment 
for use on a.c. and d.c. circuits. 


Roller Bearings—The Bantam Ball 
Bearing Co., South Bend, Ind. Cata- 
log, 32 pages, 8łx11, “Bantam Qual- 
ity Taper Roller Bearings,” includes 
design drawings and photographs of 
typical applications, speed factors and 
other modification factors. Fitting 
practice for the design of bearings in- 
cluded along with complete catalog 
information on various types of taper 
roller bearings. 


Speed Reducers—Link-Belt Co., 910 
S. Michigan Ave., Chicago, Ill. Cata- 
log No. 1415, 32 pages, 8łx11, “Link- 
Belt Herringbone Gear Speed Re- 
ducers,” including typical applications, 
types, details of construction, dimen- 
sions and catalog information, rating 
and accessories. 


Stainless Clad Steel—Ingersoll Steel 
& Disc Co., 310 South Michigan Ave., 
Chicago, Ill. Booklet, 16 pages, 84x11, 
"Manual of Arc-Welding and Fabri- 
cating Procedures for IngAclad Stain- 
less Clad Steel," describing the mate- 
rial and its methods of manufacture, 
giving welding, soldering, riveting, 
drawing and cold forming procedure 


Thermostats—Barber-Colman Co., 
Rockford, Ill. Folder including a se- 
ries of data sheets of thermostats, hy- 
drostats, motor operated valves and 
accessories. 


Tube Couplings—Parker Applianc 
Co., 10320 Berea Road, Cleveland, 
Ohio. Bulletin No. 35, 36 pages, 83x11 
in., “Parker Tube Couplings and As 
sociated Equipment,” describing flared 
type couplings and fittings and tub 
ings, listing applications in aircraft, 
marine machine tool and chemical 
equipment. Data also included on 
specifications, weights and plumbing 
design. 


V-Belt Drives—The Medart Co., St 
Louis, Mo. Booklet, 42 pages, 84x11, 
“Data and Price List,” covering com- 
plete engineering and purchasing in 
formation on many types of multiple 
and fractional horsepower drives, 
V-belts, cast iron and steel sheaves and 
pullevs. 
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BOOKS AND BULLETINS 











Engineering Drafting 


William Griswold Smith. 231 
pages, 6x9 in. 417 illustrations. Cloth- 
board covers. Published by the Mc- 
Graw-Hill Book Co., Inc., 330 West 
42d St., New York, N. Y. Price $2.25. 

In the first part of this book, con- 
sisting of about 115 pages, the author 
covers in detail the fundamentals of 
drafting. Five chapters are devoted 
to this phase of the subject, consisting 
of methods of lettering, drafting tools, 
geometry used in engineering draít- 
ing, orthographic projections and in- 
tersections and developments. 

[n the second part of the book, de- 
voted to the applications of machine 
drafting, airplane drafting and pic- 
torial draíting, the author includes 
standard practice with reference to the 
use of various types of fastenings. 
Gears, cams and bearings are treated 
in the same manner. Other chapters 
in this second part include the method 
of making detailed drawings and as- 
sembly drawings, and pictorial draft- 
ings. There is also a chapter on air- 
plane drafting which is merely de- 
voted to a brief description of the con- 
struction of airplanes and airplane en- 
This chapter appears to be 
out of place in a book on engineering 
draftings, on account of the specialized 
nature of the subject. 

^ 


Machine Design 


Louis J. Bradford and Paul B. 
Eaton. 289 pages, 54x84 in. Red cloth- 
board covers. Published by John 
Wiley & Sons, Inc., 440 Fourth Ave., 
New York, N. Y. Price $3. 

Written primarily for a textbook, 
fundamental principles of machine de- 
sign are emphasized in order that the 
student or reader will not make the er- 
ror of memorizing short-cut equations 
and graphical solutions. The ex- 
pressed aim of the authors is to build 
up an intelligent understanding of the 
principles of design. The form of 
treatment has been adhered to in this 


eines, 


third edition as in the previous 
editions. 
Subject matter treated includes 


fundamental definitions, friction and 
lubrication, bearings and sliding sur- 
faces, and various machine elements 
including shafts, friction clutches and 
brakes, screws, gearings, chains, belts 
and rope drives, springs and flywheels. 
One chapter is devoted to miscellane- 
ous design problems such as curved 
beams, flat plates, thin tubes and thick 
cvlinders. 
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Compared to the previous edition, a 
noticeable change has been made in the 
treatment of the subject of lubrication 
and bearing design. Charts are pre- 
sented in order to permit the accurate 
design of bearings without the neces- 
sity of making difficult mathematical 
calculations. Another feature of the 
third edition is a short section of eight 
pages devoted to welded construction. 


* 
Mechanics of Engineering 


S. D. Chambers. 275 pages, 51x84 
in. 327 illustrations. Green cloth- 
board covers. Published by the Mac- 
millan Co., 60 Fifth Ave., New York, 
N. Y. Price $3.50. 

Reflecting the author’s unconven- 
tional, yet highly effective classroom 
technique, this text presents mechanics 
as a practical engineering study. The 
concise method of presentation in- 
volves: (a) statement of a principle, 
(b) proof or illustration, (c) applica- 
tion to engineering design. The style 
is not mathematical, and the examples 
for the most part are taken from 
practical engineering designs. 

Coplanar forces, center of gravity, 
moment of inertia, motion, work and 
energy, impulse and momentum, with 
their subdivisions are covered in 16 
chapters. Subjects ordinarily pre- 
sented mathematically are explained 
with the use of problems in a manner 
that should appeal to the student, as 
well as to the designer who oc- 
casionally needs assistance in “brush- 
ing up” on mechanics. 


Building an Engineering 
Career 


Clement C. Williams, Dean, College 
of Engineering, State University of 
Iowa. 241 pages, 51x8 in. Illus- 
trated with halítones and diagrams. 
Bound in clothboards. Published by 
McGraw-Hill Book Co. Inc, New 
York and London. Price $2. 

Written to provide a text for use in 
"orientation" courses this little 
volume gives an excellent picture of 
the opportunities ahead of the student 
engineer. The statement defining the 
profession of engineering and the 
chapter on how to study are both good. 
The main text is divided into chap- 
ters on materials and structures, ma- 
chines and manufactures, heat energy, 
electrical energy, transportation and 
communication, after which come 
chapters on notable achievements in 
the various major branches of engi- 
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neering. Inspiring enough at th: 
moment, these latter chapters ar: 


going to have to be revised frequently 
if they are not to become ancien: 
history. 

Each chapter is followed by severa! 
more or less simple arithmetic prob 
lems the purpose of which is no 
clear. An index concludes the volun 


Bacon's Publicity Manual 


87 pages, 84x11 in. Green cloth 
board covers. Published by R. H. 
Bacon & Co., 608 S. Dearborn St 
Chicago, Ill. Price $3. 

In this second edition, 1,600 Ameri- 
can and Canadian business and trade 
papers are listed, classified by markets, 
with an analysis of the type of editorial 
material used by each publication. 

Preceding the directory list, a 16- 
page section includes a comprehensive 
discussion of editorial publicity, giving 
suggestions for preparation of news 
items and announcements of new prod- 
ucts and manufacturers’ publications. 


Applied Descriptive 
Geometry 


Frank N. Warner. 209 pages, 
6x9 in. Tan clothboard covers. Pub- 
lished by McGraw-Hill Book Co, 
Inc., 330. West 42d St, New York, 
N. Y. Price $25. 

Two groups of practice problems 
around which the text is built supply 
practice in drafting layout and engi- 
neering design. Working data in the 
last group are given in engineering 
terms to develop a practical concep- 
tion of the problem. Explanatory 
chapters assisting in the solution of 
the problems are given under head- 
ings of orthographic drawing, funda- 
mental auxiliary views,  point-line- 
plane problems, revolution, concurrent 
noncoplanar forces, curved lines and 
surfaces, and intersection of surfaces. 

This approach to descriptive 
geometry should give the student 
practical experience in laying out en- 
gineering designs and analyzing engi- 
neering problems. 


Weathering of Sheet 
Aluminum Alloys 


U. S. Department of Commerce, Tech- 
nical News Bulletin, April 1934, explains 
how small changes in composition or small 
amounts of cold work are not as important 
as heat-treatment in controlling inter- 
crystalline attack in duralumin. Accord- 
ing to this report, temperatures of 100 to 
300 deg. C. lead to corrosion at the grain 
boundaries, causing loss of tensile prop- 
erties. With lower operating tempera- 
tures, rapid quenching from 505 des. C. 
eliminates embrittlement. 











Volumes in Horizontal Round Tanks 
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Volumes in Vertical Round Tanks 
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